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Proceedings of the 38th Annual Conference of the 
Institute of Systems, Control and Information 
Engineers 


Concurrent Engineering: State of the Art 


94FE0816A Tokyo INSTITUTE OF SYSTEMS, 
CONTROL AND INFORMATION ENGINEERS 
in Japanese May 94 pp 59-64 


[Article by Shuichi Fukuda, Tokyo Metropolitan Institute 
of Technology] 


[FBIS Translated Text] This paper describes the state of the art 
of Concurrent Engineering [CE]. CE is often discussed in Japan 
only in the framework of reducing time to market. But what is 
most important is that CE is a tool for substantiating the 
concept of a product into design requirements and for realizing 
true market in production. It is also pointed out that there are 
many aspects of concurrency in design. Recycle design, for 
example, can be regarded as another form of time concurrency 
with the different functions coexisting over the time span. 
Micromachines are an example of functional concurrency. 


1. Introduction 


Attention has been focused recently on concurrent engi- 
neering (CE).'"> However, CE research is now being avidly 
pursued not only from the perspective of early product 
development but also from the perspectives of product 
concept creation and green engineering. In this article I 
wish to discuss recent developments in CE from my own 
point of view. I apologize in advance for the very one-sided 
treatment I shall be obliged to give here due to my own 
limitations as a scholar. 


2. Rapidly Diversifying Customer Demand: From 
Tactical Development to Strategic Development 


In the conventional product development approach (from 
product design to production), customer demand is uniform, 
with physical replacement being the main area of demand. A 
specialist makes an estimate of the customer demand, then 
develops a product corresponding thereto in what is called a 
“product-out” mode. However, due to the phenomenal 
advances made in mass-production technology, products 
recently have become most abundant, and the sense of 
physical replenishment is being thoroughly satisfied [sic]. As 
a result, there is now a strong demand to exhibit product 
distinctions and product discrimination, and the trend is 
moving rapidly toward a “market-in’” mode wherein cus- 
tomer demand is directly responded to. In these circum- 
stances, it is most important to implement strategic rather 
than tactical development. 


As customer demand becomes diversified, the combinations 
become enormous as we move toward the downstream 
processes (Figure 1). If we make the best decisions which we 
can upstream, that is, if we can select suitable strategies, 
then the combinations, to that degree, can be reduced. With 
CE, downstream information is, to the extent possible, 
processed upstream so that, as befits the fundamental aim, 
suitable strategies can be determined. 
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Figure 1. Information in Product Development 





In most of the debate over CE in Japan, the perspective is 
that, if we can effect simultaneous parallel processing 
(Figure 2(b)), it will be possible to take the product to 
market earlier than with the conventional sequential 
processing (Figure 2(c)). This argument perpetuates the 
old framework of the mass-production age. If from this 
perspective we introduce CE and engage in product devel- 
opment, we will probably further increase product supply, 
which is already becoming excessive, thus creating envi- 
ronmental problems, dampening consumers’ desire to 
purchase, and causing rapid declines in product market 
prices. 
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In order to process downstream information in upstream 
processes, we need to work hard to abstract individual 
pieces of information. As shown in Figure |, in the down- 
stream processes, information is quantitative, but the more 
we move toward the downstream processes, the more the 
information becomes qualitative. Until now, because we 
were in the mass-production age, there were many analo- 
gous design examples, and quantitative processing was 
extremely highly regarded. However, in the small-volume, 
multiple-model production age, the importance of qualita- 
tive processing will increase dramatically. 


The implementation of simultaneous parallel processing 
must also be promoted from such a perspective of quali- 
tative processing, that is, with a view to contributing to 
strategic policy decisions. 


3. What Is The Goal of CE? 


It is common knowledge that CE was formally defined in 
Report R-338 of the Institute for Defense Analysis 
(IDA), and elicited widespread interest through the 
DICE Project (DARPA’S Initiative in Concurrent Engi- 
neering) of the Defense Advanced Research Project 
Agency (DARPA). In the United States, however, the 
term “‘concurrent design” was of earlier coinage, and it is 
said that this term was employed, at that earlier time, to 
connote the activity of taking product quality and func- 
tionally separating it out as an independent component 
in order to deal product-qualitatively with customer 
demand.° In other words, we may think of the “concur- 
rent design’ of that period of time as corresponding to 
QFD (quality function deployment) or the Taguchi 
Method. 


We believe that both QFD and the Taguchi Method, as 
fundamental concepts, involve the techniques for deter- 
mining how to deal with customer demand with existing 
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technology or, when that technology is inadequate, with 
additional technology. In other words, as claimed by Suh 
of MIT, we think this is the position which says that the 
analysis into functionally independent components is 
critical to good product design, and that customer 
demand can be better dealt with thereby.° 


We should be able to position CE as one methodology 
theory which is concerned with how to deal with rapidly 
diversifying customer demand. The implementation of 
simultaneous parallel processing in processes is an effort to 
convert from tactics to strategy, and is not merely an 
attempt to introduce simultaneous parallel processing into 
the conventional product development framework. In CE, 
simultaneous parallel processing is a framework for pro- 
cessing various types of concurrency in design, as will be 
discussed below, and is not simply an effort to improve 
product development process speeds chronologically. 


In a word, CE is the “integration of design and produc- 
tion.” However, prior to this, CIM was widely touted, 
the content of which is also, in a word, the “integration 
of design and production.” What then is the difference? 


In Table 1 we contrast CIM and CE. Here, in order to 
make the contrast with CE, we define CIM very nar- 
rowly. Whereas CIM applies to activity after the basic 
design requirements are determined, CE constitutes the 
basis for solidifying design requirements. In other words, 
in CIM, the issue is “communication between special- 
ists,” whereas in CE, the issue is “communication 
between non-specialists.” What is meant by “non- 
specialist?”’ Well, supposing you have someone who is a 
specialist in some field, but is seen to be a non-specialist 
once we move beyond his field. His activity there would 
be called out-of-field activity. In other words, whereas 
CIM, in the narrow sense, is concerned with tactical 
development which connects different fields, CE is 
concerned with field-surpassing strategic development. 





Table 1. CIM and CE Contrasted 











Perspective Required specifications Central focus Structure 
CIM Production-centered Clear Specialists Pyramid (i ree) 
CE Design-centered Clarifying Users, market Network 

















When we think of specialists as the main subject, lin- 
guistic description is easy because specialists each have 
their own special language. In order to transcend a field, 
linguistic description by itself becomes inadequate, and 
non-linguistic expressions or representations become 
important. 


In the largesi sense, we may say that CIM aims as 
product-out, while CE aims at market-in. However, this 
does not mean that market-in can be accomplished 
simply by positing a customer interface within the con- 
ventional framework. The information base that sup- 
ports CIM is a pyramid-shaped organization and 
information structure, whereas CE is based on a net- 
work. Accordingly, this implies the necessity of great 
changes in organization and information base. 


4. Types of Concurrency 


In Japan, in a lot of debate concurrency is conjoined only 
with simultaneous parallel processing. Howeve-, in CE, 
there are a number of types of concurrency in design 
which play important roles. As to the definition of 
concurrency, first of all, we must note carefully that, in 
addition to the meaning of “parallel advance,”’ concur- 
rency also has the meanings “goal integration” and 
“moving toward the same goal.” 


Simultaneous parallel processing, then, is chronological 
concurrency. In terms of chronological concurrency, in 
addition to the concurrency which jointly implements 
processes at the same time, there is another concurrency 
which jointly implements functions and goals within 
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sequential time flow. A specific example of this is 
product design and production which is cognizant of the 
environment, 1.e., so-called green engineering. In other 
words, in recycle design, differing functions are jointly 
implemented on the time axis for some actual body 
which is within a chronological flow. 


In product development to date, the time axis has not 
been considered to be much of a positive. And even in 
debate over factual reliability, contingent breakdown 
time has been considered as usable time, and ordinarily 
no thought has been given to deterioration breakdown 
time, in which the time axis comes in as positive. In the 
area of product development, we think it permissible to 
consider environmental problems as an example in 
which the time axis was first considered to be positive. 
However, although the time axis has up until now not 
been considered positive, when we think about outer 
space, we must constantly consider the passage of time in 
design and production. For example, in space we have 
communication delays, so, if we consider the example of 
welding, for example, we have a serious problem with 
welding processes based on feedback, in which difficul- 
ties are made up for as one goes along, as welding is 
conducted on the ground. Instead I think we have to 
consider a system based on a feed-forward model in 
which the operation is based on models. 


In this way, when we think of outer space, we need to 
reconsider our conventional production know-how and 
product quality guarantees. Thereupon, task planning 
becomes more important than operations, and strategy 
than tactics. 


And when we consider the reproducibility of outer space 
itself, | think we have to seriously think about whether 
we are able to handle things within the framework of 
product design and production alone, based as it is on 
current concepts of reproducibility. 


There is a possibility that recycling activities, from the 
perspective of product development, might be conceived 
of negatively. However, if we are to assume that com- 
munications and iransportation systems will continue to 
advance, and that living space will expand on the earth 
and eventually develop outward into space, I think we 
must have product development in which the time axis is 
considered a positive. Recycling design has within it the 
potential for leading to product development which will 
cause many functions to coexist on the time axis. 


Another form of concurrency is functional concurrency. 
Recently there have been advances made in integrating 
structure and control, leading to the advent of intelligent 
materials capable of auto-diagnosis and auto-repair, and 
intelligent (smart) structures incorporating sensors, pro- 
cessors, and actuators. These may be thought of as 
realized examples of functional concurrency. 


Micromachines have recently become a topic of conver- 
sation, and these are interesting in two senses from the 
perspective of CE. One is that, with micromachines, 
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product development begins with production possibili- 
ties. In product development up until now, you begin 
with design, and production is thought of as a means of 
implementing design. The other is that combinations are 
fundamental. In the conventional design of mechanical 
systems, the development is from general to specific, 
from analog to digital. However, with micromachines, 
the development becomes “specific to general” and 
“digital to analog.”’ This is connected also to the A-Life 
concept which is also a recent topic of discussion. Except 
for electronic and electrical systems, so far as mechanical 
systems—and especially structural systems—are con- 
cerned, until now there have been practically no exam- 
ples of product design that was based on combination 
theory. 


It is predicted that we will now see more and more cases of 
design in which this new specific-to-general development is 
necessary. When that happens, we will have to reevaluate 
our previous general-to-specific knowledge and experience. 
In that sense, the study of concurrency, including func- 
tional independence, will become increasingly important. 


In all types of concurrency, human concurrency is the 
most important element. In dealing with diversifying 
product demand, coordination across specialist fields is 
required. Also of great importance from the CE perspec- 
tive are the recently talked about CSCW (computer 
supported cooperative work) and groupware.’ In inten- 
sifying coordinated activities, the commonality of “site” 
is also extremely important. These means present a 
common “site.” In this sense, the expectations for virtual 
reality are great. 


Furthermore, while research is being done which posi- 
tions organization as the creative site of product devel- 
opment, this is all very interesting in its connection with 
the problems of robot collective intelligence. In partic- 
ular, until now product development has been technol- 
ogy-led, and anti-particular, but from now on we believe 
that the particularity of each product will become an 
issue.'° Moreover, it is predicted that there will now be 
more consideration given to the economic and social! 
factors that motivate product development. When that 
happens, the human and social behavior of individuals 
and organizations will be increasingly reflected in 
product concepts. We believe that this will lead to 
machines that are comparable to humans, and that 
rather than humans and machines coexisting, we will see 
the merger of humans and machines. 


5. Conclusion 


This writer contends that CE be positioned as a great 
paradigm shift in product development, and that we 
should pursue product development in that direction. 
This writer also comprehends so-called re-engineering, 
another recently touted idea, within the same isame- 
work, and believes that by properly implementing CE we 
can not only package the final product, but also package 
the processes for manufacturing it. 
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Fuzzy Inference Engines for Distributed CIM 
Platform 


94FE0816R Tokyo INSTITUTE OF SYSTEMS, CONTROL 
AND INFORMATION ENGINEERS in Japanese May 94 
pp 311-312 


[Article by Masanori Sato, Koji Doi, and Goro Fukutome of 
Omron] 


[FBIS Translated Text] We have proposed the concept of 
the platform for the distributed CIM system. Fuzzy 
inference engines have been defined in a unit of the 
platform. This software will shorten the period of devel- 
oping expert systems. We have developed fuzzy infer- 
ence engines for a scheduling system, control system and 
diagnosis system, and these will support manufacturing 
works in a “PLAN, DO, SEE” cycle. 


1. Introduction 


A distributed CIM platform is being proposed as an 
infrastructure for building distributed-type CIM. Fuzzy 
inference engines are one configurational element in this 
platform. Fuzzy inference engines represent middle soft- 
ware for improving the development efficiency of expert 
systems (ESs) which employ fuzzy inferences. We have 
recently developed a battery of fuzzy inference engines, 
namely a planning model, a control model, and a diag- 
nosis model. In this article we discuss the configuration 
and features of the fuzzy inference engines. 
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2. Concept 


Of the manufacturing administration work done in facto- 
ries, we focused on the planning work, diagnostic work, 
and control work, and have come up with a battery of 
fuzzy inference engines, i.e. one for planning, one for 
control, and one for diagnosis, as well as the package 
software built around these kernels (cf. Figure 1). The 
objective in all of this is to free up workers from routine 
work, to take advantage of the know-how of skilled 
workers, and to create a more relaxed workplace. 
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Figure 1. Fuzzy Inference Engines 





3. Requirements for Fuzzy Inference Engines 


When we adopt the fuzzy inference engine as one 
distributed CIM platform, it is necessary that the fol- 
lowing conditions be satisfied. 


(1) Ability to set down in writing the know-how of 
skilled workers in the form of knowledge 


(2) Ease of modifying the knowledge base after adoption 

(3) Ease of setting up a distributed system 

(4) Integration or unification of the application 
programming interface (API) 

4. System Configuration 


In Figure 2 is shown a diagram of the fuzzy inference engine 
software structure. The fuzzy inference engine is configured 
with client servers, so that, by employing inference libraries 
as clients, it is easy to put together a distributed system. 
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In Figure 3 is diagrammed the configuration of the 
package software for ES use which is based on the 
inference engine(s). The planning, control, and diag- 
nostic model package software all have the same soft- 
ware configuration, which uses components in common 
and unifies the user interface(s). 
























































Development 
package 
User 

ood ° applica- 
ot = tions 
vo 6° 
i 2£°o 

a ro 
es © 
oe an 
ro h6mlive 
i Sellas 
Z-mail | Be Operational 
ov so o-- 
c-s ol] es package 
= ea ~~ OD 

Inference engine(s) 




















Figure 3. Package Software Configuration 





5. Features 
(1) Planning Model Fuzzy Inference Engine 


Fuzzy inference is combined with a simulation engine 
which uses a Petri net, and scheduling is performed. 
Min-max calculations are adopted for the fuzzy 
inference. 


(2) Control Model Fuzzy Inference Engine 


Min-max computations are adopted for the fuzzy infer- 
ence, and the center-of-gravity and maximum-height 
methods are provided as verification computation 
methods. These are well suited to the problem of 
parameter determination. 


(3) Diagnostic Model Fuzzy Inference Engine 


A matrix type of knowledge expression is adopted in which 
events arc put on the vertical axis and hypotheses on the 
horizontal axis. It is then possible to synthesize a knowl- 
edge base from the collection of matrices produced by each 
skilled worker. This is well suited for applications in which 
hypotheses are comprehensively evaluated from captured 
events. 


6. Conclusion 


The fuzzy inference engine battery facilitates the 
building of CIM software aimed at automating manufac- 
turing control work, reducing manpower and raising 
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efficiency. Our next objective is to realize a system in 
which the planning, control, and diagnostic inference 
engines are merged together so as to provide total 
high-level work support. 
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Development of Fuzzy Control Engine for 
Distributed CIM Platform 


94FE0816C Tokyo INSTITUTE OF SYSTEMS, 
CONTROL AND INFORMATION ENGINEERS 
in Japanese May 94 pp 313-314 


[Article by Masayuki Masuda, Masanori Sato, Koji Doi, 
and Goro Fukutome] 


[FBIS Translated Text] We have proposed the concept of 
the platform for the distributed CIM system. Fuzzy infer- 
ence engines have been defined in a unit of the platform. 
This software will shorten the period for developing expert 
systems. We have developed fuzzy inference engines for 
constructing control systems as a product of the fuzzy 
inference engines. 


1. Introduction 


A distributed CIM platform is being proposed as an 
infrastructure for building distributed-type CIM. Fuzzy 
inference engines are one configurational element in this 
platform. At the present time, we have either developed 
or are developing a battery of fuzzy inference engines, 
namely a planning, a control, and a diagnostic model. In 
this article we discuss the configuration and features of 
one of the fuzzy inference engines in the battery, namely 
the control model fuzzy inference engine. 


2. Concept 


The control model fuzzy inference engine is software for 
supporting control and regulation work in the manufac- 
turing control work in a factory. By configuring a control 
and regulation ES using this engine, we can free up 
workers from routine work, perpetuate the know-how of 
skilled workers, and provide intelligent work support. 
The configuration of the control model fuzzy inference 
engine software is diagrammed in Figure |. We have 
adopted a client-server structure to facilitate the building 
of a distributed system. 
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Figure 1. Control Model Fuzzy Inference Engine 














3. Requirements for Control Model Fuzzy Inference Engine 


In view of the facts that the control model fuzzy infer- 
ence engine is a configurational element in the distrib- 
uted CIM platform, and that it supports control work, it 
is necessary that the following requirements be satisfied. 


(1) Integration or unification of the application 
programming interface (API) 


(2) Knowledge base is controlled (exclusionary control, 
etc.) in a distributed environment 


(3) Inferences can be made by switching knowledge in 
real time 


4. System Configuration and Features 


4.1 Controlling Knowledge Base in Distributed 
Environment 


The configuration of the control model fuzzy inference engine 
system is diagrammed in Figure 2. By using the inference 
library, a client can easily build a distributed system. 


In a distributed environment, it becomes necessary to control 
the knowledge base, so, as pertaining to the knowledge base, 
exclusionary control is performed by means of user control 
functions using semaphores. Also, system safety is enhanced 
by placing limits on inference server access and knowledge 
base manipulation by means of a user registration function. 


4.2 Knowledge Switching 


The control model fuzzy inference engine can switch 
between different knowledge at high speed. The relationship 
between the control model fuzzy inference engine and the 
knowledge base is diagrammed in Figure 3. One knowledge 
base is configured with a maximum of 128 knowledge 
groups. The inference server reads in all of these knowledge 
groups at one time and makes inferences. Accordingly, the 
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relationship between the inference engine and the knowl- 
edge is one of I:n (maximum 128). Therefore is becomes 
possible to build more flexible fuzzy inference systems. 
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5. Conclusion 


This time around, in addition to developing the control 
model fuzzy inference engine, in order to facilitate the 
creation of CIM software, we also developed an operational 
interface equipped with knowledge base building tools 
having knowledge base verification functions and editing 
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functions, and with parallel inference functions for imple- 
menting group control over machine tools, etc. Next we plan 
to work on the implementation of knowledge base acquisi- 
tion support and verification support to make it even easier 
to create CIM software. 
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Development of Distributed Discrete-Event 
Simulator 


94FE0816D Tokyo INSTITUTE OF SYSTEMS, 
CONTROL AND INFORMATION ENGINEERS 
in Japanese May 94 pp 317-318 


[Article by Y. Nagao, S. Nakano, and K. Higuma, Kawasaki 
Heavy Industries, Ltd.: “Development of Distributed Dis- 
crete-Event Simvator for Evaluating Factory Automation 
Systems”’] 


[FBIS Translated Text] We have developed a distributed 
discrete-event simulator for evaluating factory automation 
systems. The simulator is based on a client-server system. 
The system model is divided into smaller submodels which 
are expressed with Petri-nets and simulated with client 
simulators. A server manager synchronizes all submodels on 
some of the computers connected by TCP/IP (transmission 
control protocol/Internet protocol) and transmits the values 
of the logical I/Os on one submodel to others. With this 
simulator, we can effectively evaluate large systems by 
simulating its subsystems. 


1. Introduction 


With the recent advance and development of factory auto- 
mation (FA), there is a growing trend to connect various 
pieces of FA equipment inside a factory by means of a 
network, and thereby create a large FA system that is 
integrated throughout the entire plant. This led us to 
develop K-NET, an FA system simulator, which we have 
used in evaluating FA system performance.’ However, the 
simulation model becomes larger as the scale of the system 
increases, requiring much time in development and 
implementation.’ This has led us to develop a distributed 
FA simulator which can easily implement simulations of 
large-scale systems. We report on this below. 


2. Configuration of Distributed Simulator 


K-NET is an FA system simulator which programs models 
using a Petri net and visually represents model structure 
and operating states (cf. Figure 1). The Petri net used in 
K-NET is made up of various boxes which have specific 
functions, gates to control the process flow, oriented 
branches which represent the relationship between the two 
[sic], and tokens which flow along the oriented branches 
inside the net. It is also possible to use both user-defined 
functions programmed in the C language and logical I/O 
which defines the input and output. 
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Figure 1. K-NET Screen (Example) 





We expanded the functions so that multiple K-NETs could 
communicate with each other, and coordinated a number of 
K-NETs, thereby developing a distributed simulator for 
conducting integrated simulations of multiple systems. 


This simulator is made up of one server, i.e., knetd, and 
a number of client K-NETs. The clients and servers are 
connected in a client-server mode based on the TCP/IP 
protocol. The server has functions for preserving the 
coordination between the clients, handling synchroniza- 
tion and the iransfer of logical I/O changes. The clients 
have, in addition to conventional simulation functions, 
functions for exchanging simulation timings and logical 
I/O change information with the server. 


3. How Distributed Simulation Is Implemented 


With this simulator, simulation is implemented by the 
following procedures (cf. Figure 2). 


(1) Each cliert performs its own independent simulation 
so long as the current time does not advance. 


(2) The clients, once the current time events are completely 
processed, notifies the server of the time of the occur- 
rence of the next soonest event, and interrupts the 
simulation. 


(3) When all of the clients have processed the current 
time event(s), the server notifies all of the clients of 
the smallest value in the list of next times notified. 


(4) When a next time is notified, the clients advance the 
time, and reopen event processing. 


(5) Each client, when its own logic I/O changes, notifies 
the server to that effect. 


(6) The server notifies all of the other clients of the 
logical I/O change. 
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(7) Each client which has received notification of the 
logical I/O change, if that logical I/O is the same as its 
own, accepts that change, and alters its own logical I/O. 


Cte 

da NX 

WA A 
Cater) 


(1) (4) (7) (1) (4) (7) 
Figure 2. Distributed Simulation Procedures 

















4. FA System Applications 


We applied this simulator to the simulation of an FA system 
which combined a three-dimensional automated warehouse 
with a conveyor system. The managers of the warehouse and 
the conveyor system, respectively, developed their own 
independent models, represented the transfer of work 
between the warehouse and conveyor system as logical I/O, 
and adjusted only that agreement between the two man- 
agers. As a result, it was possible to develop the warehouse 
and conveyor system models in simultaneous parallel, and 
to perform singular debugging. After the singular debugging 
was completed, we conducted integrated simulations of the 
warehouse and conveyor system using the distributed sim- 
ulator. By so doing, we were able to efficiently implement 
the simulation of a large-scale system. 


5. Conclusion 


By facilitating distributed simulation with (a) K-NET(s) 
which can configure models by means of a Petri net, the 
following benefits can be expected. 


(1) Large-scale models are broken down into small-scale 
models and then simulated, thus making it possible to 
divide the work between a number of computers. By so 
doing, the time required to conduct the simulation can 
be shortened. 


(2) Models can be divided into independent entities, and 
developed individually, thus making it possible to 
efficiently develop large-scale models in multiple units. 


(3) Debugging is easier with the subdivided small-scale 
models. 


References 


1. Y. Nagao et al.: “Petri Net Based Programming 
System for FMS,” IEICE Trans. Fundamentals, 
Vol. 75A, No. 10, pp. 1326-1334 (1992). 


JPRS-JST-94-037 
24 October 1994 


2. P. Heidelberger et al.: “Discrete Event Simulation,” 
Communications of The ACM,” 33-10 (1990). 


Development and Application of Sensors for 
Visual Sensing Robots 


94FE08I6E Tokyo INSTITUTE OF SYSTEMS, 
CONTROL AND INFORMATION ENGINEERS 
in Japanese May 94 pp 551-552 


[Article by S. Kishimoto, Y. Yamamoto, J. Ishida, and 
F.T. Li, Production Technology Laboratories, Dept. 2, 
Sharp Corporation] 


[FBIS Translated Text] A robot system was developed in 
which the robot arms having 6 degrees of freedom are 
equipped with human interface technology enabling three- 
dimensional visual recognition and easy operation. A 
personal computer-based image recognition system was 
also developed for the realization of high-speed and highly 
accurate visual recognition. 


In this paper, as one step in the development of an 
Intelligent Robot, we introduce an example in which a 
visual sensing robot was used in phosphor bronze 
brazing in an air-conditioning refrigeraiion cycle. 


1. Introduction 


One of the important factors which makes possible good 
phosphor bronze brazing in copper pipe in air condi- 
tioning equipment and other refrigeration cycles is the 
accurate positioning of the torch, the tip of the brazing 
filler metal, and the pipe joint. However, due to shape 
errors in the work and the difficult of mechanical posi- 
tioning, assembly errors result in positioning errors, 
making it difficult for conventional teaching-playback 
robots to perform the operation. 


This being so, we developed the kind of three- 
dimensional visual sensing system necessary for stabi- 
lized automatic brazing, and a heating temperature 
sensing system for obtaining ideal material feed timing. 


2. System Structure 


In Figure 2 the system configuration is diagrammed. A 
control unit takes the output signals from the 3D visual 
recognition unit at the brazing site and from the position 
detecting unit and temperature detecting unit, controls the 
manipulator so that a predetermined positional relationship 
is obtained, reciprocally, between the brazing unit and the 
pipe joint, and controls the torch flame, heating, and 
optimum brazing filler metal feed timing. 


In Figure 3 we show the details of the instruments on the 
robot hand. The robot hand is configured with a slit laser 
light projector, a LED light projector made up of mul- 
tiple leds arranged in a ring, an optical unit consisting of 
a CCD camera for viewing the work surface, a brazing 
unit, and an infrared radiation thermometer. The optical 
unit uses LEDs and semiconductor laser single- 
wavelength light sources. Also, to reduce the capture of 
disturbance light on the front surface of the CCD 
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camera, (a) narrow-band optical filter(s) is/are provided 
which have the aforesaid light-source wavelength(s} as 
its/their central transmission wavelength(s). Further- 
more, the brazing filler metal feeder can be advanced 
and retracted to avoid the effects of the torch flame. 
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3. Copper Pipe Joint 3D Position Detection Technique 


In Figure 4 we explain the principle of 3D position 
recognition. In the position measurement in the XY 
direction depicted at (a), the slit laser projector is used, 
while LED illumination is used to make measurements 
in the Z direction. Next we briefly set forth the 
recognition algorithm. First of all, at the position being 
captured on camera, three multi-slit laser beams are 
projected onto the copper pipe, and the image indi- 
cated at (b) is loaded into the image memory. The 
camera is then activated with the slit laser projector 
turned off in order to search for differential images 
from the image with the slit(s). The differential image 
obtained is made binary, labeled, and the slit width, 
area, and average brightness found for each label. 
From these data and the positional relationship of the 
three slits the slit light on the copper pipe is extracted, 
thus yielding the coordinates (xa, ya), (xb, yb), and 
(xc, yc) on the image. 


Next we illuminate with LED light and photograph the 
copper pipe. From the slit light mentioned above we 
set the search range S as at (c). We differentiate this 
search range in the longitudinal direction of the pipe, 
and project the differentiated images in the horizonial 
direction. The position of the copper pipe joint is 
photographed as lines of brightness variation, thus 
resulting in high differential values, and the differen- 
tial values projected in the horizontal direction indi- 
cate peaks at the joint positions. We detect the 
coordinates on the peak images as joint coordinates 
(z0). Then we take the multi-slit light coordinates 
previously detected which are the closest to the joint 
and make these (x0, y0). 


By taking slit position(s) and joint position(s) (x0, y0, 
z0) found as described above and applying them to (a) 
prefabricated model(s), we find the 3D position (X, Y, 
Z) of the copper pipe joint. 
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4. Evaluation Tests References 


On an outdoor air conditioner production line, we con- 
ducted brazing tests using the robot on 3/16 “to 1/2” pipe, 
obtaining good results. The positioning detection resolution 


1. C.G. Morgan, et al.: “Visual guidance techniques for 
robot arc-welding,” Proc. 3rd International Conf. on 


was X, Z: 100 um, and Y: 400 pm, while the brazing time Robot Vision and Sensory Controls, Cambridge 
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5. Conclusion 2. Nishimura: “Hakuhan yosetsu robotto-yo shikaku 
We plan to continue working hard to develop systems sensa shisutemu,” T. IEE Japan, Vol 111-D, No 6, 
which are easier to use, more compact, and lower in price. 1991. 
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PC 3-Dimensional CAD 


94FE0828A Tokyo NIKKEI MECHANICAL in Japanese 
25 Jul 94, pp 14-26 


[Article by T. Tomioka] 
[FBIS Translated Text] 


Catching Up with 3-D CAD for Workstations 


The completeness of 3-D CAD (computer-aided design) 
functions on PCs (personal computers) is astounding. 
Advanced features that up until now were only available 
in the 3-D CAD software for workstations—parametric 
transformations, feature-based modeling, solid models 
that have complex free-curve surfaces—can now be used 
on PCs. With the debut of the “Windows NT” operating 
system, 3-D CAD packages designed for workstations 
are rapidly being ported to PC platforms. 


The increased selection of platforms seems to stimulate 
the spread of 3-D CAD. 3-D CAD for PCs is catching up 
with 3-D CAD for workstations. Here is a report on the 
latest state of affairs. 


Due to the advances in PCs, 3-D CAD for PCs has 
become replete. Practical 3-D CAD packages that use 
solid models and surface models are increasing. 3-D 
CAD software that makes modeling work easy, can 
handle complex free-curve surfaces, or can express the 
qualitative sense of a model is on the market. If the 3-D 
CAD software is selected with a certain use in mind, it 
can be used adequately for a long time. 


And, with the emergence of the “Windows NT” oper- 
ating system, which can handle the same 32-bit data as 
UNIX, serious 3-D CAD software products for worksta- 
tions are being ported to PC platforms. 


Whether the 3-D CAD functions originally developed for 
a PC are expanded or 3-D CAD for a workstation is 
ported to a PC, the selection is getting wider for users. 


There are several advantages in using 3-D CAD on a PC. 
The first advantage is the low cost of the software and 
hardware. The software alone can be obtained for hun- 
dreds of thousands of yen. Although some 3-D CAD 
software products that were ported to PCs cost the same 
as the software for workstations, a 3-D CAD system on a 
PC costs less if the hardware, maintenance, and training 
costs are taken into account. There are cases where three 
to four PC CAD systems can be purchased for the cost of 
two workstation systems. 


The second advantage is that 3-D CAD for PCs can be 
run in the same operating-system environment that users 
are familiar with because they use the environment for 
wordprocessing and spreadsheet software. The strength 
lies in being able to easily import 3-D CAD data into 
technical documents and materials for presentations. 


Then, the third advantage is that a full-time operator to 
manage the system is not needed. Because system oper- 
ations are complicated in a UNIX environment, anyone 
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other than an expert will have a hard time managing the 
system. In contrast, a PC can be managed by the engineer 
who uses it. 


Nevertheless, despite the advances that have been made, 
3-D CAD for PCs does not compare with that for 
workstations in terms of processing speed and abun- 
dance of functions. However, high-performance 3-D 
CAD for workstations that comes with advanced func- 
tions is not needed in every design task. If an engineer 
can find CAD software with the performance thought 
necessary for his work, PC software with functions 
narrowed down to just what he needs may be easier to 
use. 


This article explores the functional strong points of 3-D 
CAD for PCs that can use solid models and surface 
models for rendering, interference checks, analyses, gen- 
erating NC data, etc., and, along with that, reports on the 
state of porting 3-D CAD for workstations to PCs. 


Feature-Based Functions and Parametric Function 
Realized on PCs 


Many 3-D CAD packages for PCs are designed for 
standard-performance PCs. Therefore, functions equiv- 
alent to those of 3-D CAD for workstations are not 
realized. However, more practical 3-D CAD for PCs is 
the result of narrowing down the functions by limiting 
the design objects and the usage methods, and then 
augmenting those functions. Modeling is one function 
that has been augmented. 


In May 1994 Autodesk (main office in Tokyo) began 
selling “AutoCAD Designer,” a 3-D modeler that is used 
as a supplement to Autodesk’s “AutoCAD R 12 J” CAD 
software for PCs. Autodesk realized in its 3-D CAD for 
PCs parametric transformation and feature-based mod- 
eling functions, which attracted attention for worksta- 
tion 3-D CAD, and thereby reduced the amount of time 
and labor needed for creating solid models. 


Parametric transformation functions ave functions with 
which a designer can define as variables the several 
dimensions that decide the shape of a model and then 
transform the model based on the values of the dimen- 
sions. The model can be transformed by just changing 
the numerical values substituted into the variables. The 
designer first starts with a rough shape and then keeps 
changing the shape until he gets an exact model. The 
designer usually has a rough concept in his head when he 
begins forming the model, but there is no complete 
“design drawing.” Therefore, the modeling work will be 
easier if there are parametric transformation functions 
with which the designer can create the right shape in 
stages. 


Feature-based modeling, on the other hand, is a function 
with which the designer transforms the parts of a model 
into “shapes with meaning in the mechanical design” 
(features) such as holes, fillets, and chamfers. In the same 
sense as when holes, fillets, chamfers, and the like are 
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machined into the material, the model's angles can be 
given fillets, holes can be opened in certain parts, and so 
forth. 


The designer thinks about performance and productivity 
as he creates the form of the design object. Consequently, 
thinking about the form as a combination of features is 
more realistic than defining it as a collection of simple 
geometric shapes, and the model input work also 
becomes easier. In addition, because the features are 
defined as attributes, a transformation of the model 
during the design will link to changes in the features. 


Thus, when model transformations are easy, there are 
various advantages in actual design work. First, it 
becomes easier for the designer to put his ideas together 
during the design. He can visually try out various ideas 
by freely transforming a finished model. And, because 
existing models can be modified easily, design changes 
are easier to cope with. There is another advantage in 
that editing the design is easy. 


On the points of ease in creating and modifying models, 
AutoCAD Designer is close to the 3-D CAD for work- 
stations. However, there are still some places where 
AutoCAD Designer does have the abundance of func- 
tions that 3-D CAD for workstations has. Some com- 
ments heard were: “it cannot make complex curved 
surfaces,” “gracually changing fillets are not provided,” 
and “it cannot Le used at the same time as an analysis 
package.” Nevertieless, for users who mainly design 
simple parts with no complex curved surfaces, AutoCAD 
Designer is an attractive CAD package. 


The operating environment for AutoCAD Designer is an 
NEC or Seiko Epson DOS/V machine, Toshiba J3100, or 
IBM’s JDOS. The operating system must be MS-DOS 
version 3.3 or higher. 10 megabytes or more of RAM are 
needed, along with 7 megabytes of more of hard disk 
space, a processor for numerical calculations, and Auto- 
CADR 12 J. 


Generation of Models from Three View Drawings, Use 
of 3-D Data 


Creating a 3-D model from scratch is not, as a rule, the 
best way to craft a 3-D model. For designers accustomed 
to 2-D concepts, i.e., a drawing, switching over to 
concepts based on 3-D models is not that simple. Until 
designers become used to 3-D concepts, it would be 
convenient to be able to start from a 2-D concept and 
then form a 3-D model. 


In April 1993 Design Automation, Co. (main office in 
Nagaokakyo City, Kyoto Prefecture) started selling 
“CADPAC-3-D,” software modules consisting of 3-D 
functions added to the company’s 2-D CAD software, 
“CADPAC-StationlI” and “CADPAC-Stationlll.” The 
main differences between CADPAC-3-D and other 3-D 
CAD software is a function with which 3-D models can 
be created from three view drawings (i.e., top, front, and 
side views) that were designed with 2-D CAD. Creating 
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isometric drawings for use as regular drawings or tech- 
nical materials, creating illustrations, and creating 3D- 
models for use in presentations and in evaluating 
mechanisms are carried out as an extention to the 2-D 
design. 


CADPAC-3-D is composed of two modules. One 
module, “3D Builder,” prepares isometric drawings, 
illustrations, and 3-D wire-frame models from three 
view drawings. The other module, “3D Modeler,” draws 
3-D wire-frame models and surface models then adds 
shading to the models. 


A 3-D wire-frame model is formed from three view 
drawings as follows. First, the user starts 3D Builder and 
calls the necessary tl.ree view drawings. Then, he desig- 
nates which is the top view, front view, and side view, 
and while doing so designates the origin on each view 
drawing (the points that are supposed to coincide in 3-D 
space). 


After that procedure, the user moves on to arranging the 
elements (lines) in space. When the user designates 
“planes to which elements are to be pasted” and the 
“elements to be pasted” on the three view drawings, the 
designated elements are arranged so that they are pro- 
jected onto the designated planes. A plane to which an 
element is to be pasted may be designated by specifing a 
line in any one of the three view drawings. For example, 
if the plane that the user wants to designate is orthogonal 
to the top view, he finds the line in the top view drawing 
that expresses the plane that we wants to designate. 


When the elements are arranged, the user then approxi- 
mates the parts that need to be altered with fillets, 
chamfers, etc., on the drawing, and revises the parts that 
were drawn, then finally completes the wire-frame 
model. When an isometric drawing or an illustration is 
needed, he uses the 3-D Builder’s hidden-line editing 
function to perform hidden-line processing on the wire- 
frame model. If two lines that actually do not intersect 
appear to intersect on the computer screen, that point of 
intersection (apparent intersection) can be specified. 
Using the apparent intersection of lines that become 
partially hidden to shorten the lines helps to make the 
hidden-line processing very efficient. 


To create a surface model, the 3D Modeler is used to 
paste surfaces on a wire frame. The wire-frame model 
can be created with 3D Builder from three view draw- 
ings, or it can be created directly with 3D Modeler. The 
user performs shading on the surface model. 


Also, the three view drawings can be made from a 3-D 
model that was created with 3D Modeler. In that case, 
the user cannot automatically put the dimensions into 
the three view drawings. In addition, CADPAC-3D 
currently cannot handle complex curves and complex 
curved surfaces. There are plans to support complex 
curves and complex curved surfaces using non-uniform 
rational B-spline (NURBS) curves starting with Version 
2.0 next year. 
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The operating environment for CADPAC-3D is the NEC 
PC-9801 Ap2, MS-DOS, 5 megabytes or more of RAM, 
and 20 megabytes or more of hard disk space. 3D Builder 
and 3D Modeler together cost ¥ 300,000; the CADPAC- 
StationllIl costs ¥ 1,500,000. In addition, Design Auto- 
mation plans to offer Windows and Windows-NT 
versions of CADPAC-3D next March. 


Models with Complex Curved Surfaces and a 
Solid-Surface Mixture Can Be Created 


Until now, 3-D CAD for workstations was usually used 
for creating solid models with complex curved surfaces. 
However, software with those kinds of functions has 
emerged in the 3-D CAD for PCs. 


Kubota is aiming to market its “CADKEY Ver 6.0,” 3-D 
CAD for PCs that can make wire-frame models, and 
“ADVANCED MODELER,” which is like the former 
but has added functions for creating surface models and 
solid models. When those two are used as a set, a mixture 
of a surface model, solid model, and wire-frame model 
can be handled at the same time, and solid models with 
complex curved surfaces can be created. 


For its solid modeling kernel, ADVANCED MODELER 
adopts “SHAPES,” a software library made by the XOX 
Co. of the U.S. The ability to mix solid, surface, and 
wire-frame models is due to that kernel. 


There are basically two different ways to create a solid 
model. One way is to use CADKEY to create a wire- 
frame model, paste surfaces on the model with 
ADVANCED MODELER, and then convert it to a solid 
model. The other way is to create a solid model directly 
with ADVANCED MODELER. 


A direct solid model is made by drawing a cross-sectional 
shape and then pushing it out and rotating it to create the 
model. However, the basic shapes for a four-cornered 
pillar, round pillar, cylinder and sphere can be called 
with commands prepared ahead of time. Boolean oper- 
ations for obtaining logical sums, logical differences, and 
logical products are used for creating complex models. 


A “punch function” is used to open a hole in a solid 
model. Using the unfinished model, the user specified 
the surface on which the hole is to be opened and draws 
the cross-sectional shape of the hole. Next, he selects the 
“punch function” from the command menu, indicates 
which solid model is to get the hole, and specifies the 
pattern that will become the cross-sectional shape. 


A feature of the software is that a solid model can be cut 
out of a surface that was made using the functions for 
creating surface models. When that function is used, 
solid models with complex curved surfaces can be made 
easily. 


For example, to transform a solid model into a shape cut 
out by a certain complex curved surface, the user first 
creates the complex curved surface that is to be the cut 
section at the position where the cut will be made. Let’s 


Computers 13 


say that the complex curved surface has a normal vector 
that points downward. In that situation, taking the 
logical difference between the solid model and the com- 
plex curved surface results in a solid model with only the 
lower side remaining and the complex curved surface as 
the boundary. Reversing the direction of the normal 
vector in the stage where the complex curved surface is 
being made results in a solid model with only the lower 
side remaining and the complex curved surface as the 
boundary. 


However, fillets cannot be attached directly to the solid 
model, and there are no parametric transformation func- 
tions for solid models. Future developments in connec- 
tion with those points is expected. 


The operating environment is NEC “PC-98” series hard- 
ware or a DOS/V machine. The CPU can be an 1386 or 
higher, but an i486 is recommended. 16 megabytes or 
more of RAM and 30 megabytes or more of hard disk 
space are needed. Kubota plans to sell CADKEY for 
¥ 900,000 and ADVANCED MODELER for ¥ 300,000. 


In addition, Kubota plans to simultaneously sell work- 
station versions of the software, which can be used on 
Sun Microsystems’ “SPARCstation.” There are also 
plans for Windows and Windows-NT versions, and 
those may be out by as early as next year. 


Improved Quality of Presentations with Enhanced 
Graphics Functions 


3-D models that take time to make are sometimes used 
for a design study or for a presenation. In those cases, 
graphics functions for rendering and animation become 
necessary. There are also vendors who are enhancing 
those kinds of graphics functions, in addition to 
strengthening their software’s modeling functions. 


Japan Intergraph (main office in Tokyo) is planning to 
offer the next version, Version 5.0, of its 3-D CAD 
“MicroStation PC” this summer. Japan Intergraph 
improved the operatability of the software so that the 
user can collect frequently used commands from the 
hierarchical menus and display them in special pallettes, 
and can move any pallette of the hierarchical menus to 
an arbitrary position on the screen. Furthermore, the 
modeling functions for surface models will be more 
powerful—there will be functions for attaching fillets 
and for modifying a shape with Boolean functions. In 
addition to those, the graphics functions for rendering 
and animation will be more powerful. 


The reason for enhancing the graphics functions is to 
improve the quality of design studies and presenations. 
The aim is to achieve mock-up models and visual effects 
close to those of the actual product by more realistically 
expressing images and, occasionally, showing movement. 


Concretely, the rendering and animation functions will 
be more powerful. With the new rendering functions, the 
user will be able to express the qualities of different 
materials such as aluminum, iron, and other metals; 
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resins; and stone. In addition to color, the user can set 
the reflectance, permeability, and diffusivity, and the 
final graphics data is created for each pixel. The software 
also has a bump-mapping function for pasting 3-D 
textured patterns onto a surface, so that waviness or 
scratches on the surface can be expressed. 


The animation functions will be added in the new 
version. With the animation functions, a number of still 
images with slight differences are created and then 
shown continuously. In particular, it is easy to create the 
kind of animation that looks as if a moving camera is 
filming an object from different directions. With the 
object as the reference, the user sets the track over which 
the camera moves and its start and end points, the 
direction of the camera, and the number of frames. That 
is about all the work that is needed to automatically 
generate several still images with shading that are seen 
from different viewpoints, and then to see those as 
animation. 


The operating environment is NEC “PC-98” series hard- 
ware or a DOS/V machine. The operating system must 
be MS-DOS Version 5.0 or higher or DOS/V Version 5.0 
or higher. A minimum of 8 megabytes of RAM are 
needed, but 12-16 megabytes are recommended. A min- 
imum of 50 megabytes of hard disk space are needed, but 
100 megabytes or more are recommended. Japan Inter- 
graph plans to sell Version 5.0 of 3-D CAD MicroStation 
PC for the same price as the older version, ¥ 700,000. 


Windows-NT Version of Pro/ENGINEER on the 
Market, Can Be Used on a Network with the 
Workstation Version 


Still, only some vendors of 3-D CAD for workstations 
have finished porting their software to PCs, but there are 
many vendors doing development work or studies for the 
purpose of porting their software to PCs. 


The operating system that created that opportunity is 
Windows NT. Windows NT has virtual-memory man- 
agement functions that let external memory devices take 
over aS memory so that up to two gigabytes of memory 
can be used by one software application. Because Win- 
dows NT is an operating system that handles large 
quantities of data and the same 32-bit data and address 
space that UNIX deals with, vendors have begun porting 
3-D CAD for workstations to PCs. 


The first 3-D CAD vendor to port 3-D CAD for work- 
stations to PCs running Windows NT was Parametric 
Technology Co. The company’s 3-D CAD for worksta- 
tions, “Pro/ENGINEER,” is now available in a Win- 
dows-NT version and has the same functions as the 
workstation version. The CAD software for a PC costs 
the same as the software for a workstation, ¥ 4,200,000. 
As a system, however, Pro/ENGINEER used on a PC 
becomes lower in cost because a PC costs less than a 
workstation. The only difference in performance is in the 
processing speed, which results from the differences in 
the hardware. 
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Pro/ENGINEER is 3-D CAD software that adopted 
parametric transformation functions and feature-based 
modeling from the start. It is also replete with assembly 
functions. An assembled model can be made by simply 
designating the “parts to be assembled” and the “planes 
with which each part will come in contact.”” Ko Nomura, 
chairman of a Pro/ENGINEER user exchange meeting 
notes, “The best thing about Pro/ENGINEER is that the 
data is light. Although the surface functions have some 
weak points, those will be improved.” 


Another feature of the Windows-NT version of Pro/ 
ENGINEER is that it can share data with the UNIX 
version of Pro/ENGINEER. For example, the individual 
parts can be designed simultaneously on low-priced 
systems with the Windows-NT version, then only the 
task of making the assembled model, where the volume 
of data gets very large, can be done on a few systems 
running the UNIX version. 


The method of data sharing is also simple. All that needs 
to be done is to install “Chameleon 32 NFS” on the 
workstations that are the UNIX machines and on PCs 
linked by a network. Chameleon 32 NFS, made by 
NetManage Co. of the U.S., is software for building a 
distributed file system, i.e., a PC-NFS. Once Chameleon 
32 NFS is installed, UNIX files can be used like local 
files from the Windows NT file manager. 


The operating environment for the Windows-NT version 
of Pro/ENGINEER is a “DECpc Alpha AXP” PC made 
by Digital Equipment Co. of the U.S. (DEC), or a 
“DESKPRO 66M” or “DESKPRO 5/60M”’ made by 
Compag Computer Co. of the U.S. The operating system 
is the Japanese version of Windows NT. 32 megabytes or 
more of RAM and 400 megabytes or more of hard disk 
space are needed. 


Plans For NT Version and Adding Workstation- 
Equivalent Solid Modeler to Version 


Wacom Co. (main office in Otonemachi, Saitama Pre- 
fecture) ported its 3-D CAD/CAM software for worksta- 
tions, “®STATION” to the DOS/V platform and in 
January 1994 turned the DOS/V version into a product 
called “@STATION for PC.” 


This CAD/CAM software has an abundance of functions 
for creating and editing complex curved surfaces. Com- 
plex curved surfaces with gradually changing cross- 
sectional shapes can be formed, and two complex curved 
surfaces can be connected smoothly. In addition, there 
are editing functions for raising up and sinking down a 
part of a complex curved surface. The current version, 
Version 6.0, can only handle wire-frame models and 
surface models, but the next version that should be on 
the market by the end of the year, Version 6.2, will have 
a solid modeler. 


The plans are for the solid modeler to have parametric 
transformation functions, feature-based modeling func- 
tions, and drawing guidance functions. The emphasis is 
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on “how to be able to create a model simply,” says 
Masahito Kobayashi, manager of the CAD group in the 
product planning section of Wacom’s Sales Division. 


By introducing drawing guidance functions, the software 
automatically provides the constraining conditions that 
will be necessary for the parametric transformation 
functions. For example, when a horizontal line and a 
vertical line are drawn using the drawing guidance 
functions, the orthogonality of the two lines naturally 
becomes a constraint, even if the user does not specify 
that as a constraint. “How the model was formed” 
becomes the constraining conditions. When there is such 
a function, the user moves onto the next stage without 
having to give all of the constraining conditions. Then in 
the next stage, he can add or change the constraining 
conditions. The modeling becomes easy because the 
details can be left for later. 


The operating environment for the PBSTATION for PC 
is a ““DECpc” made by DEC, or a “PS/V” made by IBM 
Co. of the U.S. The operating system is the DOS/V. 16 
megabytes or more of RAM and 40 megabytes or more of 
hard disk space are needed. Wacom is also developing a 
Windows-NT version and plans to have that out by the 
end of the year. 


Many Vendors of 3-D CAD for Workstations Now 
Studying Expansion to PC Versions 


There will be more PC versions of 3-D CAD software for 
workstations. Many vendors of 3-D CAD for worksta- 
tions are looking at expanding their software to PC 
versions. 


Structural Dynamics Research Co. of the U.S. (SRDC) 
has been developing in the U.S. a Windows-NT version 
of its “I-DEAS Master Series,” according to Yukiko 
Suzuki, marketing coordinator of SDRC Japan (main 
office in Tokyo). However, it is not yet clear when the 
Windows-NT version will be available. 


Then, in addition to its 3-D solid modeler ““CADRA- 
Solids,” Adra Systems Co. of the U.S. developed 
“CADRA-III,” which also handles three dimensions. 
The company has already finished shipping the Win- 
dows-NT version for the 2-D parts of the software. There 
are also plans for a Windows-NT version of CADRA- 
Solids, which is expected to be out on the market in 
October or November. The company plans to ship that 
to Japan and within the U.S. at the same time. The 
Windows-NT version of CADRA-Solids will have a 
newer version (Version 4.2) of the “DESIGNBASE” 
solid modeling kernel (made by Ricoh). 
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The “MICRO CADAM” software made by Cadam 
System (main office in Tokyo) already exists in the forms 
of a DOS version, which only has 2-D functions, and an 
OS/2 version, with which 3-D wire-frame models and 
surface models can be created. However, at the present 
stage there are no concrete plans for enhancing the 
functions of the 3-D part of the software for the OS/2 
version that are planned for the UNIX version. How- 
ever, the company does seem to be studying more 
powerful 3-D functions for the OS/2 version, a Win- 
dows-NT version, and the next Windows-3.1 (Chicago) 
version. 


In addition, EDS Co. of the U.S. has already finished 
porting the “Parasolid” solid modeling kernel of “Uni- 
graphics” to the Windows-NT platform, and the main 
parts of the Unigraphics software can be ported at any 
time. Now, EDS is watching the trends of the market. 
The situation is the same for Seiko Electronics Indus- 
tries’ “U-Graph”’ software. 


On the other hand, Computer Vision Co. of the U.S. is 
not developing a PC version of its “CADDS5” software 
at the present point in time. However, according to 
Yukichi Nagatanibu, the head of marketing at Japan 
Computer Vision’s main office in Tokyo, the company’s 
“idea is to conduct future studies on PC-related prod- 
ucts, including Windows-related products.” 


Up until now a PC could be distinguished from a 
workstation, but those boundaries are disappearing. 
Now, a PC can be distinguished from a workstation by 
the difference in operating systems, but Windows NT, 
for example, stands out as an operating system that is 
widely used on both PCs and workstations. 


If an operating system is common to both PCs and 
workstations, systems that are both easy to use, like PCs, 
and have higher performance, like workstations, will 
probably emerge. High-performance hardware (worksta- 
tions) may become standardized with the popular hard- 
ware for the masses (PCs), in part units such as 
connectors and boards, and may become available at 
relatively reasonable prices. 


If that happens, the world of 3-D CAD will change 
dramatically. The 3-D CAD software now said to be for 
PCs will become more sophisticated, and the cost of the 
3-D CAD software now said to be for workstations will 
come down. To the engineer, 3-D CAD will become 
more general software, and it will become possible for 
engineers to use 3-D CAD software individually at their 
own desks. There is a high possibility that 3-D CAD for 
PCs will trigger the integration of design and production 
because everyone will be able to share 3-D information. 
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Fuzzy Logic Used in Development of Ultrasonic 
Vehicle Sensor 


94FE0813A Tokyo OMRON TECHNICS in Japanese 
Vol 34 No 2, Jun 94 pp 121-126 


[Article by N. Kimura and Y. Hagiwara: “Development 
of Ultrasonic Vehicle Detector Applied Fuzzy Infer- 
ence”’] 


[FBIS Translated Text] 


Advancement in Ultrasonic Vehicle Detectors That 
Eliminates Affects of Stray Reflected Waves in 
Traffic-Flow Sensing on an Expressway 


Safety measures inside tunnels and measures for pro- 
viding traffic information to drivers, among other mea- 
sures, are being planned and implemented to deal with 
the drastic increases in traffic demands and to ensure 
traffic safety and smoothness of traffic flow. In those 
measures, grasping the state of traffic, i.e., the volume 
and state of congestion, is most important. Further 
advancements in sensors for that purpose are wanted, 
and a variety of such sensors are being developed. 


Ultrasonic vehicle sensors, which are very convenient 
with respect to performance, stability, and maintain- 
ability, have been used for many years as such traffic 
sensors. However, in places where reflected waves occur, 
such as in tunnels, there are constraints on where such 
sensors can be installed because of the adverse effects of 
stray reflected waves. 


Due to the expansion and construction of one-way road 
networks, there has been broad growth in the number of 
double-deck tunnels that has created a need for sensors 
that can be installed anywhere in a tunnel. This time, we 
introduced fuzzy [logic] in such an ultrasonic vehicle 
sensor and eliminated those installation constraints. In 
addition, we added enhancements so that, for example, 
the sensor does not need to be adjusted at installation 
time. 


With the introduction of fuzzy [logic], the sensor extracts 
the features of stray reflected waves and records those 
features using three parameters—a reference value, the 
degree of stability, and the amount of change. In addi- 
tion, learning is performed by a part of the sensor that 
changes dynamically. 


1. Introduction 


Ultrasonic vehicle sensors that are very convenient with 
respect to performance, stability, and maintainability, 
have been used for many years as the information- 
gathering devices of traffic control systems and traffic 
information systems in Japan. 


Since the first development of an ultrasonic vehicle 
sensor, the principle of operation has been based on a 
method of discerning a vehicle by means of the differ- 
ence in the reflection times of ultrasonic waves. In the 
installation of such sensors, the location had to be one 
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with absolutely no stray reflected waves; or special 
methods of attaching the ultrasonic wave transmitter- 
receiver (the head) were employed, and the sensors were 
used in such a way that stray reflected waves would not 
affect the sensor's ability to discern time differences. In 
a tunnel or under an elevated roadway, however, the 
effects of stray reflected waves could not be eliminated 
completely, and the places where the sensors could be 
used were often limited. 


With the realization of expanded roadways to cope with 
traffic demand, the changes in road structures, and the 
further advances in traffic control systems and traffic 
information systems, however, sensors that can reliably 
gather information, even in places where measurements 
with ultrasonic vehicle sensors were considered difficult, 
and sensors that can be installed without any loss of 
aesthetics have become necessary and indispensable. 


So, we applied fuzzy inference, which is a new principle 
in ultrasonic vehicle sensors, and developed a fuzzy-type 
ultrasonic vehicle sensor that can reliably distinguish 
vehicles in places where there are many stray reflected 
waves, such as in tunnels or under elevated roadways. In 
addition, the sensor’s ultrasonic wave transmitter- 
receiver can be installed directly above or to the side of 
a roadway. Then, we carried out verification tests in the 
lighted areas (in lateral-reflection installations) in 
expressway fields where there were thought to be stray 
reflected waves from inside a tunnel or from opposing 
walls. We were able to demonstrate the stable operation 
of the sensor and show that sufficient sensing accuracy 
was obtained. 


This article presents an overview of the principles of 
operation of the fuzzy-type ultrasonic vehicle sensor that 
we developed, and the field verification results. 


2. Problems with Conventional Ultrasonic Vehicle 
Sensors 


2.1 Principles of Operation 


An ultrasonic vehicle sensor detects vehicles from the 
magnitude of and timing with which reflected waves of 
ultrasonic pulses emitted from the sensor's ultrasonic 
wave transmitter-receiver (head) are received. 


When an ultrasonic-frequency (about 25-kHz) voltage is 
periodically applied to the ultrasonic wave transmitter— 
receiver, an ultrasonic pulse will be emitted periodically 
from the transmitter-receiver due to the electro-acoustic 
transductance effects of the transmitter-receiver. This 
ultrasonic pulse is reflected by a vehicle or the road 
surface, and then is received by the transmitter-receiver. 
When a vehicle is present at that time, the waves 
reflected from the vehicle will be received in a shorter 
time than the waves reflected from the road surface. 


Due to the electro-acoustic transductance effects within 
the transmitter-receiver, the reflected waves received by 
the transmitter-receiver give rise to an alternating 
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Figure 1. Stray Reflected Waves in Installation Above Roadway 





voltage that has an ultrasonic frequency and is propor- 
tional to the sound pressure of the reflected wave. That 
voltage is amplified to a level that permits signal pro- 
cessing, then only the reflected waves detected in a 
shorter time than the waves reflected from the road 
surface are extracted by a sensing gate so that the sensor 
judges whether a vehicle is present or not. 


2.2 Mechanism by which Stray Reflected Waves are 
Generated 


If the ultrasonic vehicle sensor is installed on the ceiling 
of a tunnel or under an elevated roadway, the sensor’s 


ultrasonic waves will be reflected many times between 
the road surface and the ceiling section above the sensor, 
as shown in Figure 1, and multiply reflected waves will 
be received by the transmitter-receiver in time bands 
with various periods. 


When the multiply reflected wave is received by the 
sensing gate at a certain level or higher, the multiply 
reflected wave is seen as a wave reflected from a vehicle, 
resulting in a vehicle-sensing state. 


The multiply reflected waves are caused by several 
factors such as the shape of the tunnel, the distance 
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Figure 2. Block Diagram of the Functions of the Fuzzy-Type Ultrasonic Vehicle Sensor 





between the road surface and the transmitter-receiver, 
and the distance between the transmitter-receiver and 
the ceiling surface. How those waves will be generated is 
difficult to predict. 


3. Overall Configuration of the Fuzzy-Type Ultrasonic 
Vehicle Sensor 


3.1 Function Block Diagram 


Figure 2 is a block diagram of the functions of the 
fuzzy-type ultrasonic vehicle sensor. 


(1) Ultrasonic wave transmitter 


This part of the sensor drives the head periodically (e.g., 
60 ms) at a frequency that matches the intrinsic 
frequency of the ultrasonic head. 


(2) Ultrasonic wave head 


Driven by the transmitter, this part of the sensor emits 
ultrasonic pulses by means of an ultrasonic oscillator. 


(3) Ultrasonic wave receiver 


This part of the sensor amplifies the electrical signal 
from the head (referred to below as the reflected wave) to 
a level at which signal processing is possible, and extracts 
the envelope of the reflected wave. 


(4) A/D converter 


This part of the sensor samples the envelope of the 
reflected wave and accuinulates the sampled data in a 
time series. 


(5) Sensing data editor 


Based on the data from the A/D converter, this part of 
the sensor computes the fuzzy input data needed for 
fuzzy inference, i.e., the reference value, degree of 
stability, and amount of change. 


(6) Vehicle presence/absence inference 


This part of the sensor infers the maximum likelihood of 
the presence of a vehicle from the fuzzy input of the 
sensing data editor and from the state of the wave 
received, and accumulates the results. 


(7) Vehicle judgment output 


This part of the sensor totalizes the inference output 
from the vehicle presence/absence inference, discerns 
vehicles, and outputs sensing signals. 


3.2 Principles of Operation 


3.2.1 Characteristics of Stray Reflected Waves 


The stray reflected waves that become a problem with 
present-day sensors do not at all return to the transmit- 
ter-receiver randomly. They are waves reflected from 
stationary objects, i.e., the ceiling and walls of the tunnel, 
etc., and, in the emission cycles of sensors that continu- 
ously repeat emissions, stray reflected waves exhibit the 
same trend for any cycle. Because it is a conventional 
ultrasonic vehicle sensor endowed with advanced pro- 
cessing functions, the fuzzy-type ultrasonic vehicle 
sensor constantly learns which reflected waves are in the 
same trend. It uses two parameters, the degree of sta- 
bility and the reference value, to learn about the reflected 
waves. Based on those two parameters plus a third 
parameter, the amount of change in each cycle, the 
sensor performs fuzzy inference and distinguishes the 
waves reflected from a vehicle from stray reflected waves 
to judge whether or not a vehicle is present. 


As a result, ultrasonic vehicle sensors can be used for 
measurements of vehicles even in places where stray 
reflected waves occur, places such as in tunnels or under 
elevated roadways. 


Figure 3 shows the state of wave reception in a case 
where stray reflected waves are contained within the 
waves received. From the received waves, reference 
values corresponding to the installation environment’s 
stationary reception state (the state when no vehicle is 
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Figure 3. Principle of Operation of the Fuzzy-Type Ultrasonic Vehicle Sensor 





present) are generated automatically and sequentially by 
the sensor’s learning functions, then by taking the differ- 
ence between received waves and this reference value, 
the stray reflected waves are eliminated. Thus, when a 
vehicle passes by, the sensor can extract only those waves 
reflected from the vehicle. 


However, stray reflected waves are not necessarily stable 
at a certain level. Several level fluctuations exist because 
of the installation environment, so the stray reflected 
waves cannot be eliminated by simply taking the differ- 
ence. The fluctuations in the level of the stray reflected 
waves is sometimes seen as the waves reflected from a 
vehicle. 


So, we take one state variable, the degree of stability, to 
be the fluctuation in the level of the received waves in 
the stationary reception state. That is, even if the differ- 
ences between received waves and the reference value 
are the same, if the degree of stability is high, the 
possibility that the wave was reflected from a vehicle will 
be higher, even if the difference is small. Conversely, if 
the degree of stability is low, the possibility that the wave 
is a stray reflected wave, not a wave reflected from a 
vehicle, will be higher. 


From those three parameters—the degree of stability, 
the reference value, and the amount of fluctuations in 
the differences mentioned above—an experienced engi- 
neer can immediately distinguish stray reflected waves 
from waves reflected from a vehicle. When a machine 
performs the judging, however, an instantaneous judg- 
ment is impossible with only conventional logic. That is 


why our sensor uses fuzzy logic, which has inference 
functions closer to those of humans, to distinguish the 
presence of a vehicle. 


3.2.2 Processing Based on Fuzzy Logic 
Figure 4 depicts the fuzzy inferential processing. 


First, we use the three parameters mentioned above— 
the degree of stability, the reference value, and the 
amount of fluctuations—and fit the input data to the 
condition section’s membership functions to determine 
the best fit for each. In the condition section’s member- 
ship functions, the value for the degree of stability is 
“high,” medium or “low”; for the reference value, 
“large,” “medium,” or “small”; and for the amount of 
fluctuations, “few,” “average,” or “many.” Next, the 
best fits that were determined are fitted to each rule, and 
the rules’ conclusive best fits are determined by a MIN 
computation. These conclusive best fits become the best 
fits of “noise-likeness,” “noise-, vehicle-likeness,” and 
“vehicle-likeness” that are labels of the conclusion sec- 
tion’s membership functions. When there are more than 
one best fits for one label, however, the best fits are 
narrowed down to one by a MAX computation. Finally, 
the three best fits narrowed down to one best fit are 
computed using the centroid law to determine the degree 
of vehicle-likeness. 


To judge whether or not a vehicle is actually present, if 
there is a certain degree or higher of vehicle-likeness, the 
sensor decides that a vehicle is present. 
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Figure 4. Explanation of Fuzzy Inference 
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By using the fuzzy inference described above, an ultrasonic 
vehicle sensor can be given the same level of functions with 
which a human can look at a received waveform and 
distinguish between stray reflected waves and waves 
reflected from a vehicle. As a result, vehicle measurements 
by means of ultrasonic vehicle sensors can be made inside 
tunnels and under elevated roadways. 


4. Verification Results and Future Issues 


As verification tests of the fuzzy-type ultrasonic vehicle 
sensor, we used transmitter-receivers installed directly 
above the roadway in a tunnel above an expressway to 
test and verify in an actual field the effects of stray 
reflected waves in a tunnel. We also used transmitter- 
receivers installed on the sides of a roadway to test and 
verify the effects of stray reflected waves from side walls 
in an section of roadway in daylight. 


4.1 Testing Methods 


Figure 5 shows the conditions for testing the ultrasonic 
vehicle sensor in a tunnel with the sensor’s transmitter- 
receiver installed directly above the roadway. We mea- 
sured the true value of traffic volume by filming the lane 
- with a TV camera and recording the film on a VTR, then 
playing back the film and counting the number of vehicles. 
We calculated the absolute accuracy from that true value 
and the value measured by the sensor. In a section of 
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roadway in daylight (where the sensors were located to the 
sides of the roadway), we adjusted the angles of the sensor 
heads at heights of 1.5 m so that the sensing area would be 
the one car lane on the side of the sensor. 
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Figure 5. Configuration for Testing Ultrasonic Vehicle 
Sensors With Trar.mitter-Receivers Installed Directly 
Above Roadway 





4.2 Test Results 


As shown in Table |, we were able to confirm an absolute 
accuracy of 99% or more with the sensor's transmitter- 
receivers installed directly above a roadway through a 
tunnel in which there were multiply received waves, and 
with the sensor's transmitter-receivers installed on the 
sides of roadways that were 9 m or more in width. 





Table 1. Results of Testing Fuzzy-Type Ultrasonic Vehicle Sensor 















































Location of test Measurement Installation True amount of Number of Absolute error Absolute 
time method traffic vehicles sensed accuracy 

In a tunnel 13:30-16:50 Normal Above 5,263 $,252 1 Stimes 99.7% 

16:05-17:25 Normal Above 2,968 2,948 20times 99.3% 

18:15-18:45 Congested Above 1,380 1,375 Stimes 99.6% 
Roadway in day- 6.5 hours (total Normal On sides of 5,581 5,595 44times 99.2% 
light of measurements roadway 

of one-hour-long 
periods during 

the daytime) 
Note 1) The absolute error is the total number of times there were sensing leaks and pulse breaks. 
Note 2) The accuracy was determined by the following formula: (1 - (absolute errortrue amount of traffic)) x 100 
5. Conclusion Documents Referenced 


We were able to demonstrate in the actual field of an 
expressway that sufficient performance—a sensing accuracy 
of 99% or more—can be obtained by fuzzy-type ultrasonic 
vehicle sensors whose transmitter—receivers are installed in 
a tunnel, where the effects of stray reflected waves are 
thought to be large, or on the sides of roadways where there 
are walls on each side. Therefore, such sensors can be used 
from now on in any sort of place, particularly in tunnels and 
under elevated roadways, regardless of whether the sensor 
heads are installed directly above a roadway or on the sides 
of a roadway. Furthermore, we believe that, with better 
functions for judging types of vehicles, the ultrasonic vehicle 
sensor will adequately accommodate the advances in traffic 
control systems and traffic information systems. 


1) Makoto Shisaki, “The Development of a New Ultra- 
sonic Vehicle Sensor,” Denki Setsubi Gakkai Shi, 
Vol. 13, No. 8, (1993) 


2) “Manual for the Soft Fuzzy Konmini FS-1000,” 
Omron Ltd. 


3) Separate issue of Trigger, “Entire Volume Fuzzy,” 
Nikkan Kogyo Shimbun Co. (1990) 


4) K. Urasaki, “Types of Fuzzy Hardware and Circuit 
Designs,” Denshi Gijutsu, Nikkan Kogyo Shimbun 
Co. (1990) 


5) Small special edition, “Fuzzy Information Processing 
and Its Applications,” Joho Shori, Vol. 30, No. 8, (1989) 
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Control of Plasma with Pulse Modulation Provides 
Both High Selectivity and High-Speed Etching 
94FE0796A Tokyo NIKKEI MICRODEVICES 

in Japanese Jul 94 pp 99-104 


[Article by S. Samukawa, NEC Microelectronics Laboratory] 


[FBIS Translated Text] NEC disclosed details about its 
etching technology for 0.25-um and narrower-linewidth 
LSI production. The technology provides both high selec- 
tivity and high-speed processing. By introducing 10- 
us-order pulse modulation to the plasma source, NEC 
researchers were able to control the plasma state and the 
etching surface reaction. While maintaining the plasma 
density, the energy and types of radicals and ions are 
controlled. When the technology was applied in contact 
hole processing, a selectivity ratio of 40 with respect to the 
substrate silicon was obtained at an etching speed of 0.4 
uum/minute. When applied to the processing of gate elec- 
trodes, not only did the technology provide high selectivity 
and high-speed processing, it was also found to cause less 
damage. (From the staff of this journal) 


We developed plasma etching technology that can offer both 
high selectivity and high-speed processing for 0.25-4m and 
narrower-linewidth LSI production. The technology uses 
10-us-order pulse modulation of a plasma source. By 
actively utilizing the transient state of the plasma while 
maintaining the plasma density, we control the types of 
radicals and ions and the energy. Concretely, we control the 
plasma state and the etching surface reaction. 


That resulted in: 


(1) an improvement in silicon selectivity during the 
etching of contact holes, 


(2) an improvement in selectivity with respect to the 
gate oxide film during polycrystalline silicon gate 
etching, 
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(3) the suppression of notches, 
(4) the suppression of charge build-up. 


Technologically, this method can be used for all plasma 
sources. Thus, we can set up the technology in the 
devices on our current production line. It is a very 
general-purpose, low-cost technology. 


Pulse Width Shortened Then Brought Into Plasma Source 


Controlling the plasma state and the etching surface 
reaction have been urgent requirements in plasma 
etching technology for 0.25-m and narrower linewidths. 
That is, to realize stable processing, the plasma state has 
to be controlled so that the required energy is supplied to 
the active species, and the technology has to allow for 
selection of the active species directly related to the 
etching surface reaction. Conventional etching tech- 
nology cannot fully answer those needs. High selectivity 
and high speed cannot both be achieved with conven- 
tional etching technology, so a new method of plasma 
control has been sought after (Figure 1). 


As the new plasma control method, we developed a way 
of utilizing s-order pulse modulation. There is nothing 
new about pulse modulation itself. In the past, however, 
added pulse widths were millisecond-order and longer.'» 
2) Pulse modulation was a way to utilize the differences 
in lifetimes of the radicals in the afterglow plasma to 
control the process. For that reason the method is 
applied in thin-film deposition and is mainly geared 
toward CVD methods that use radicals. 


In the “pulse-time-modulated plasma” we developed, 
the pulse width is shortened to around 10 ys, which is 
shorter than the lifetime of the plasma. It is a technology 
that actively utilizes the plasma’s transient state, while 
maintaining plasma density, to control the energy and 
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Figure 1. Comparison of Conventional and Newly Developed Plasma Etching Methods. With conventional methods, 
there is a trade-off between high selectivity and fast etching. By using a pulse-time-modulated plasma, both high 
selectivity and high-speed etching are achieved. 
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Figure 2. Comparison of Placma Density and Electron Temperature in Conventional Continuous-Discharge Plasma 
and in Pulse-Time-Modulated Plasma. When a pulse-time-modulated plasma is used, the plasma density can be 


maintained the same as in a conventional 


plasma. On the other hand, the electron temperature 


continuous-discharge 
falls during the time when the pulse is off. 





the types of radicals and ions that are active species, and 
thereby achieve precise etching. 

To compare the plasma state when there is continuous 
discharge and when there is pulsed discharge, Figure 2 
shows the changes in electron temperature and plasma 
density. The electron temperature is a parameter that 
determines the dissociation reactions, the sheath voltage, 
and the charge build-up. Therefore, controlling the elec- 
tron temperature is critical in etching reactions. 

In the case of pulsed discharge, the electron temperature 
changes according to whether the microwaves are on or 
off. However, there is not much of a difference in the 
plasma density when the discharge is pulsed and when 
the discharge is continuous.*»*’ That can be explained by 
the fact that the lifetime of the plasma is several tens of 
microseconds (about 50 ps in tire case of chlorine and 
freon plasmas), whereas the relaxation time of the clec- 
tron temperature is on the order of nanoseconds. That is, 
if the power is off for about 10 ys, the plasma can be 
maintained sufficiently during the time the power is off. 
However, the generation of negative ions is thought to be 
deeply connected with the mechanisms by which the 
discharge is maintained in pulsed discharge. That is a 
topic that should be clarified in the future. 


ee 


I will show the effectiveness of pulse-time-modulated 
plasma in examples of contact hole and gate electrode 


processing. 


In the etching of a very small contact hole with a high 
aspect ratio, a vertical shape must be obtained, and high 
selectivity with respect to the substrate silicon is 
required. To form the contact hole at a high speed and 
with a high degree of anisotropy, the substrate needs to 
be irradiated with high-density ions whose directions are 
aligned. For that, a low pressure of about 10° Torr 
(about 0.1 Pa) and a high-density plasma are necessary. 
On the other hand, silicon selectivity is achieved because 
the CF, radicals generated in the fluorocarbon plasma 
become precursors and are deposited on the silicon, 
forming a fluoropolymer. 


However, in a high-density plasma at low pressure, the 
electron temperature inevitably gets high, and the disso- 
ciation reactions in the plasma are accelerated (Figure 3). 
The CF, in the piasma is broken down and its concen- 
tration drops; conversely, the fluorine concentration 
rises. Because of that, it has been pointed out, not 
enough polymer is deposited on the silicon, and the 
selectivity with respect to an oxide film drops.*» * To 
solve that conflict, we used 10-s-order pulse modula- 
tion to try to control the dissociation reactions. The 
CHF,— CF,+HF, CF,—CF+F, and CF—.C+F dissocia- 
tion reactions, as shown in Figure 4, proceed in about 10 
ps. Because of that, when 10-ys-order pulse modulation 
is used, only the initial reaction, CHF,— CF,+HF, is 
selectively accelerated, and the concentration of CF, 
radicals is raised. 
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Figure 3. Dissociation Reactions in a Fluorocarbon Plasm: 





In addition, because the CF, concentration rises when 
the pulse width is shorter, the selectivity becomes higher 
(Figure 5). With a 10-1s-pulse-modulated plasma, the 
selectivity can be more than four times that attained with 
continuous discharge, and high-speed oxide film etching 
with high selectivity and high anisotropy can be realized. 


Holding Down Ion Energy for High Selectivity 


In etching very small gate electrodes, on the other hand, 
the requirements are stricter than in the past. As shown 
in Figure 6, there must be a high selection ratio with 
respect to the gate’s thin oxide film, there must not be 
any notching, the anisotropic etching must be very 
precise, and damage to the gate oxide film due to charge 
build-up must be suppressed.*» © ~* Satisfying all of 
those requirements at the same time is very difficult 
using only conventional ways to control plasma by 


means of pressure, power, gas species, gas flow, and so 
forth. A new way to control plasma has become neces- 


sary. 


We attempted to control the ion energy, ion density, and 
the amount of charge accumulation on the substrate 
surface by using 10-ys-order pulse modulation. Because 
the life of the plasma is several tens of microseconds, the 
plasma state is maintained sufficiently during the 10 ps 
or so when the power is off. For that reason the plasma 
density is not much different from that in the case of 
continuous discharge. On the other hand, the electron 
temperature is thought to drop severely when the power 
is off because the electron temperature changes 
according to whether the power is on or off. The density 
of ions incident upon the substrate is related to the 
plasma density, and the ion energy is related to the 
electron temperature. 
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Figure 4. On Time and Densities of F and CF, Radicals 
in a Pulse-Time-Modulated Plasma. When the pulse 
width is lowered to 10-s order, CF, radicals can be 

increased. 

































































Figure 5. Contact Hole Etching Characteristics when 
Pulse-Time-Modulated Plasma is Used. When the pulse 
width is down to 10-s order, the Si and SiO, selection 

ratios can be increased while maintaining an etching 

speed comparable to that of conventional methods. 
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Figure 6. Problems During Gate Electrode Processing. The issues in gate electrode processing are insurance of 
anisotropy, prevention of charging, and suppression of notching. Notching is a phenomenon in which the bottom part 


is cut out horizontally. 
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Figure 7 shows the off-time dependence of the polycrys- 
talline silicon and oxide film etching speeds. The poly- 
crystalline silicon etching speed depends on the density 
of the incident ions and radicals. The speed of etching 
the oxide film beneath the polycrystalline silicon 
depends on the energy of the incident ions. With a 
10-ps-order pulse-time-modulated plasma in which the 
time that the power is off is sufficiently shorter than the 
lifetime of the plasma, the plasma is maintained even 
while the power is off, and the polycrystalline silicon 
etching speed is about the same as that in the case of 
continuous discharge. 


However, the oxide film underneath the polycrystalline 
silicon is not etched during the time that the power is off, 
which is when the ion energy becomes extremely low. Thus, 
when a pulse-time-modulated plasma is used, the selectivity 
with respect to the oxide film can be improved by two fold 
or more.*»***) Furthermore, by making the pulse duty ratio 
even smaller, we can make only the oxide film etching speed 
smaller so that the selectivity is also raised. From this we 
know that high-speed, highly selective, highly anisotropic 
etching of a thin gate oxide film is possible. 


Pulse Modulation Also Effective in Lessening Damage 


In addition, we found that the use of a pulse- 
time-modulated plasma is also effective in suppressing 
notching and the damage to gate oxide films due to 
charge build-up. That is because the sheath voltage of the 
substrate surface drops severely when the electron tem- 
perature falls during the time the power is off, and the 
charge accumulated during the time the power was off is 
neutralized and decreases (Figure 8). That is, when the 
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Figure 7. Gate Electrode Etching Characteristics when 
Pulse-Time-Modulated Plasma is Used. When the pulse 
width is down to 10-s order, it is possible to raise only 

the polycrystalline silicon etching speed while maintaining 
the same SiO, etching speed. 

















power is repeatedly switched on then off for about 10 ps, 
the charge of the substrate surface is thought to be 
maintained lower than the very small amount of charge 
that is accumulated in the 10 ps at the start of 
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Figure 8. Changes in Amount of Charge Build-Up in a Pulse-Time-Modulated Plasma. With pulse modulation, charge 
build-up is suppressed so that there no longer is any damage to oxide films. Consequently, a shift in threshold voltage is 
avoided. When the electron temperature falls during the time the power is off, the sheath voltage of the substrate surface 

drops severely. As a result, the charge that accumulated during the time the power was off is neutralized. 
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Figure 10. Using Pulse-Time-Modulated Plasma to Suppress Notching. Notching can be suppressed during the 
etching of P-doped poly-Si. 





discharge.*” *) We measured the amount of shift in the | 2) Watanabe, Y., Shiratani, M., et al., “Effects of Low- 


threshold voltage V,,, when a MOS FET was irradiated Frequency Modulation on RF Discharge Chemical 
with a plasma (Figure 9). With pulse modulation, charge Vapor Deposition,” Applied Physics Letters, Vol. 53, 
build-up is suppressed, so there no longer is any damage No. 14, pp 1263-1265, Oct. 1988. 

to oxide films, and a shift in threshold voltage is avoided. 3) Samukawa, S. and Terada, K., ‘‘Pulse- 
For the same reason, notching is also suppressed during Time-Modulated ECR Plasma Etching for Highly 
the etching of phosphorus-doped polycrystalline silicon Selective, Highly Anisotropic and Less-Charging 
(Figure 10). Poly-Si Gate Patterning,” 1994 Symposium on VLSI 


Technology, No. 3 B, June 1994. 
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MITI To Investigate “Resting Patents” in FY95 


95FE0035 Tokyo NIHON KEIZAI SHIMBUN 
in Japanese 8 Oct 94 p.5 


[FBIS Translated Text] The Ministry of Posts and Tele- 
communications (MPT) has announced that it will start 
reviewing strategies in dealing with intellectual property 
rights (IPR) for the upcoming multimedia age. MPT has 
come to this decision in anticipation of recently rising 
international attention to IPR issues in regard to the 
global information infrastructure (GII). MPT plans to 
establish a special committee within the “Forum for 
Communication and Broadcasting Merging for the 21st 
Century” at the end of the month. The special committee 
intends to establish Japan’s national strategic plan and to 
submit a mid-term report by January of 1995. Japan, 
Europe, and the United States have already started 
struggling for leadership over GII. Since IPR issues, 
including the international standard, have been 
receiving a lot of attention, it is expected that Japan’s 
decision on a strategy will have a strong impact on other 
countries’ decisions. 


In the fields of communications and broadcasting, stan- 
dardization is inevitable in a wide range of fields from 
networks to terminals. Particularly, facing the multi- 
media age, MPT predicts that new standards are needed 
for the rapid advancement of technological revolution 
where communications and broadcasting technologies 
merge, including such fields as digitization. MPT also 
expects that the new standards will play key roles in 
worldwide multimedia technological trends. Offensive 
and defensive battles over standards and standardiza- 
tion have been increasingly heating up among developed 
countries and countermeasures for the IPR issues have 
been called for. MPT has concluded that Japan must 
establish a strategy to deal with IPR issues. MPT will 
officially establish a “Special Committee for IPR Issues 
on Standardization” (tentative name) at the Forum for 
Communication and Broadcasting Merging for the 21st 
Century to be held on 21 October. Kotaro Nawa, a 
professor in the law department of Niigata University, is 
to be appointed as chairman. Other members include 
NTT and NEC employees and engineers who deal with 
IPR issues and standardization. Organization members 
include the Radio System Development Center and the 
Broadcasting Technology and Development Council. 


Since MPT submitted a standardization policy for the 
multimedia age to the Telecommunications Technology 
Council last June and is planning to submit a strategic 
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plan for GII to the Telecommunications Council on 13 
October, the Special Committee will start reviewing IPR 
issues in cooperation with the two councils. The Com- 
mittee predicts that the focus will be on how to deal with 
IPR issues for international standards in order to actu- 
alize GII and de facto standards. MPT has received a 
mid-term report and plans to establish a basic strategic 
policy preparing for the ministerial-level conference on 
GIl scheduled for February 1995. 


MITI To Review Strategies Dealing with 
Intellectual Property Rights for Multimedia Age 


95FE0035 Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 7 Oct 94 p. 11 


[FBIS Translated Text] Tn FY95, the Ministry of Inter- 
national Trade and Industry (MIT]I) plans to start inves- 
tigating the status of “resting patents” that are owned by 
companies but which have not been commercialized or 
licensed to other companies. Among approximately | 
million patents, it is estimated that 20 to 50 percent of 
them are resting patents. MITI plans to investigate the 
number and to study the patents and reasons for patents 
not being commercialized. MITI will use the results of 
the investigation to cultivate venture businesses and new 
business opportunities using resting patents. It also 
intends to improve the efficiency of patent applications. 


MITI suggests the two following points as reasons for 
patents not being used: 


(1) companies retain a number of peripheral patents in 
order to prevent competitors from using critical 
basic patents; 


(2) companies encourage researchers to own patents. 


Since there are a number of resting patents, MITI 
comments that Japan should not be proud of its world’s 
highest number of patent applications that reached 
380,000 in 1991, compared to 177,000 patents in the 
United States and 109,000 patents in Germany. 


MITI plans to disseminate resting patents information in 
cooperation with a foundation, Japan Technomart, that 
collects and provides technology information in order to 
encourage companies that are not patent owners to 
obtain licenses and use the patents for commercializa- 
tion. Japan Technomart has nationwide service contacts 
using over 140 telephone lines. Consumers can access 
their service by using personal computers. 
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Development Trends in ISDN Terminals and Systems 
43070115A Tokyo NTT REVIEW in English Mar 94 pp 15-22 


[Article by Yutaka Nishino, senior research engineer, 
supervisor, Human Interface Laboratories, NTT] 


[FBIS Transcribed Text] Abstract: NTT started ISDN packet 
switched services in June 1990 following the introduction of 
circuit switched services of the basic rate interface in April 1988 
and of the primary rate interface in June 1989. By the end of 
May 1993, there were more than 200,000 subscriber lines. Both 
the number and types of ISDN customer equipment have 
increased and prices have dropped remarkably. This paper 
describes the development trends of the voice, data, and visual 
communications equipment for ISDN, and gives an overview of 
seven types of visual communications equipment recently 
developed by NTT. 


Introduction 


NTT started the basic rate interface ISDN (Integrated Ser- 
vices Digital Network) service called INS-Net 64 in April 
1988. Since then new services have been introduced and the 
service area has been expanded. New services include the 
primary rate interface called INS-Net 1500 started in June 
1989 and the packet switching mode service started in 1990. 
The total number of subscriber lines (INS-Net 64 lines) 
reached 200,000 in May 1993. 80% of INS-Net 64 usage is for 
data communications due to its speed and economy, and 60% 
of INS-Net 1500 usage is for PBX connections due to its 
concentration efficiency. ' 


The type and number of ISDN communications products 
have increased remarkably, while the price has come down 
significantly since the service started. Recently terminal 
adapters and LAN interconnection units have become pop- 
ular in line with increased usage of data equipment and ISDN 
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services, and the prices of G4 facsimiles and visual telephones 
have dropped dramatically. In particular, since the video 
coding schemes and communication procedures of visual 
telephones and video conference units were standardized in 
ITU-T (formerly CCITT), manufacturers have been working 
hard to commercialize these products. 


This paper presents an overview of ISDN communications 
equipment and systems for voice, data and visual applica- 
tions, and describes seven types of visual equipment and 
systems recently developed by NTT. Three of the seven types 
are described in detail in separate papers in this volume. 


1. Trends in the Development of ISDN Communications 
Products 


Communications equipment connected to the ISDN network 
has hitherto been limited to products such as G4 facsimiles 
and digital telephone units connected to data ports, and 
applications have also been limited in the initial phase of the 
service. Following the introduction of the primary rate inter- 
face and packet switching services, however, more equipment 
has been developed which supports these new features. The 
high speed and economy of ISDN provides the efficiency 
required by corporations and a variety of communications 
systems have been developed to match the class and type of 
business. 


Table 1 illustrates the increase in the types of ISDN equip- 
ment products and the decrease in price between December 
1989 and June 1993.' This shows how the number of prod- 
ucts has grown for terminal adapters, LAN interconnection 
units, and PC interface boards. This is due to the fact that 
data communications occupies around 80% of total INS-Net 
64 usage. Also note how equipment prices in every category 
have decreased remarkably, spurred by the lower cost of 
components such as LSIs for ISDN interfaces, and the 
progress of standardization in communications protocols and 
coding schemes. 





Table 1. Trends in Type and Price of ISDN Communications Equipment (Comparison) of Number of Product Types and 
Market Price Between December 1989 and June 1993)' 






































Classification of ISDN communications equipment Increasing ratio of product type (times)? | Decreasing ratio of market price ()° 
Facsimile G4 facsimile Around 3 Around 40 
Data communications equipment | Terminal adapter Around 6 0 
LAN interconnection unit Around 60 Around 90 
PC interface board Around 20 Around 70 
DF transfer unit Newly released _ 
Visual communications unit Visual telephone set Around 2 Around 60 
Videoconference system Around 3 Around 50 
Still video transmission unit | Around 4 Around 70 
Telephone unit High quality telephone unit Newly released = 
High quality voice codec . os 
Multifunctional telephone set — 














Note |: Derived from reference (1). 





Note 2: Number of product types domestically marketed as at June 1993 divided by the number as at December 1989. 





Note 3: Decreasing ratio of the lowesi price. 
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ISDN is economic and offers the added value of high 
quality. Its economic benefits are the result of a reduc- 
tion in the cost of communication due to faster, more 
compact circuits. This has stimulated the replacement of 
existing systems and new development for installation of 
wide area communications systems. The added value of 
ISDN includes end-to-end digital links, the exchange of 
value-added information through D-channel, and the 
creation of new applications using faster packet 
switching services. A variety of high quality, multimedia 
service applications will be supported by new media 
coding techniques and database setup techniques.” 


In the future, new communication systems employing the 
latest media processing and systems technology will appear. 


2. Voice Communications Equipment and Systems 


One of the characteristics of voice communication over 
ISDN is the enhanced quality due to no circuit loss. 
Another feature is the concurrent transmission of data 
and images with voice thanks to 2B channels per sub- 
scriber line. This feature is incorporated as a basic means 
of communication in data and image ISDN terminals. 


Figure 1 shows an example of using ISDN for voice 
communications. The use of 2B channels makes features 
such as call transfer and three party conference calls easy 
to implement. Moreover, multi-party voice conferences 
and broadcast services with each terminal relaying a call 
through B channels between two adjacent terminals 
become possible.** 


The combination of 64 kbit/s digital transmission and 
voice coding technology enhances voice quality and 
allows multiplexing of channels. 


An example of the former is the equipment? and tele- 
phone set* currently offered using SB-ADPCM (Sub- 
band ADPCM) which provides 7 kHz band voice com- 
munication. A stereo communications unit is also 
provided which combines with the bulk communications 
feature over 2B channels. 
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An example of the latter is the already commercialized 
TDM that transmits voice signals at 8 to 32 kbit/s using 
LD-CELP (Low Delay Code Excited Linear Prediction) 
and APC-AB (Adaptive Productive Coding with Adaptive 
Bit Allocation). 


Another example of the use of digital transmission 
includes the security terminal adapter, also already com- 
mercialized, which uses ciphering technology. 


The primary rate interface is mainly used for PBX, a key 
telephone systems and multi-point audio communications 
system® that require the circuit concentration efficiency. 


New voice communications systems will continue to be 
developed for wider band and lower bit rate products 
with more efficient encoding technology. 


3. Data Communications Equipment and Systems 


Data communications account for 80% of total INS-Net 64 
usage, and its speed and economy are popular. The use of 
ISDN is justified by its higher transmission speed and lower 
communication cost compared to Public Switched Tele- 
phone Network, DDX-P, DDX-C and digital leased line 
services. Furthermore, ISDN makes it possible to build a 
country-wide communications system. 


A typical piece of ISDN communications equipment for 
data transmission is a terminal adapter. This is used to 
connect a variety of conventional data communications 
equipment to the ISDN circuit. 


These adapters support a variety of network interfaces, 
including both circuit switching (basic or primary rate) 
and packet switching (D or B channels). The adapters 
also support data equipment such as terminals con- 
forming to ITU-T V and X Series Recommendations. An 
example is the PC interface board’ that connects a PC to 
the ISDN network. This board has been developed from 
the start, and an IC card type board has recently been 
released. To satisfy the growing demand for intra- 
corporate communications, LAN interconnection equip- 
ment with router and bridge functions is actively being 
developed to connect local and remote LANs through 
the ISDN network. 





Characteristics of ISDN 


































































































Figure 1. Characteristics of ISDN and Application Examples for Voice Communications 
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Although the above examples are used to connect con- 
ventional data communications systems and personal 
workstations to the ISDN circuit, several types of equip- 
ment exist that are dedicated for ISDN, such as file 
transfer devices. These allow data from a floppy disk to 
be transferred by volume or by file at high speed over the 
ISDN network. Two types of commercial products exist, 
a unit device like a facsimile machine,® and a PC board. 


The following products will be developed in the future: 


¢ terminal adapters with a high speed interface to make the 
most of full ISDN communications capabilities 

¢ business applications including ordering systems and 
banking/security systems using packet switching functions 

e PC and LAN equipment conforming to the ISDN 
interface 

e Security devices 


Systems which combine with facsimiles and visual 
media are also likely to appear. 


4. Visual Communications Equipment and Systems 


4.1 Moving-Picture Communications Equipment 


Visual communications equipment, along with the G4 
facsimile machine, is likely 10 become popular. In the 
initial phase of ISDN services, videoconference and 
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image monitoring systems varied depending on the man- 
ufacturer since there were no standards for the image 
encoding and communications protocols to be used. 


After international standards (Fig. 2) were drawn up in 
the form of Recommendations from ITU-T in December 
1990, manufacturers started to develop LSI sets such as 
video codecs.’ Since then the equipment has become 
cheaper and more compact. Examples include: 


¢ Visual telephone sets with embedded video codec'® 
e Desk-top videoconference equipment'! 


In the future, video codec boards will become smaller 
and cheaper due to fewer LSIs and greater integration, 
and new applications will be developed. Visual commu- 
nications systems with multi-point connection and on 
demand video services will become available. 


The following moving-picture communications equip- 
ment and systems are recent developments: 


(1) ISDN Basic Interface Videophone (PICSEND-R)'? 


This unit is a desk top videophone (Fig. 3) conforming to 
the ITU-T Recommendation, and includes a video 
codec, a camera and a visual display, all enclosed in the 
body of the unit. 
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Figure 2. Visual Telephone System (ITU-T H.320) 
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This telephone set is designed to allow bilateral tele- 
phone communication as usual, and TV telephone con- 
ferencing between five parties including the originating 
party. Multi-point telephone connections use a ring 
connection scheme in which each telephone establishes 
connection with two other telephone, each using 2B 
channels. Therefore equipment connecting each point is 
not needed, nor are network interfaces for each party. 


(2) Encryption Board for Visual Telephone and Video 
Conference Equipment 


This board (Fig. 4) includes a data encryption processor 
conforming to ITU-T Recommendation H.233, and sup- 
ports visual telephone and conference units using H.221. 





FEAL encryption processor 














Figure 4. Encryption Board 





Since the board uses a fast processing LSI for the 
encryption algorithm (FEAL-81'*) and an MPU that 
controls encryption communication according to H.233, 


Telecommunications 33 


the board can execute both encryption and decryption 
processing simultaneously at a speed of 2 Mbit/s. This 
technology is useful for building visual telephone and 
video conference systems that require security. 


(3) ISDN Visual Communications System in Localized 
Areas 


This system has been deveioped to provide an localized 
area multimedia communications systems installed in a 
housing,'* a factory, or an office. The external circuit 
uses the primary rate interface, and the internal line uses 
a 156 Mbit/s optical fiber for transmission and a trans- 
mission protocol partially enhanced from the ISDN 
basic rate interface. The system configuration is shown 
in Fig.5; the major components of the system are as 
follows: 


e¢ A controller that handles the external circuits and 
works as a main unit for the in house system. 

¢ An optical loop consisting of the 240B + 120D + 7 
image channels + | maintenance channel. 

¢ A node concentrator that supports ISDN basic rate 
interfaces (2B+D) and NTSC input/output interfaces. 
The maximum number of nodes per loop is 120. 

e Image storage and distribution equipment. This 
system offers visual telephone, videoconferencing, 
video mail, and image monitoring services. 


4.2 Still Picture Communications System 


Commercial still picture communications systems 
include remote monitoring systems, still picture presen- 
tation systems, and image transmission equipment for 
still cameras. Standardization of still picture coding has 
been promoted, hence equipment will be developed 
which adheres to the standard (JPEG). High definition 
still picture will stimulate new applications in addition 
to moving-picture using H.261 video codec. 


The following still picture communications equipment 
has recently been developed: 


(1) High Definition Color Stili Picture Transmission 
Unit (Fine Color Transfer)'* 


This equipment (Fig. 6) connects a digital color copier, 
and a PC or workstation to the ISDN basic rate interface 
so that they can transmit high definition color images at 


high speed with high quality. 


This unit uses the JPEG baseline system for image 
coding. It also varies the quantization step width 
according to the image to be transmitted, and the bright- 
ness and color distinction signals are separated by color 
conversion processing. Colors can be sub-sampled, thus 
allowing high quality transmission at 9 compression 
ratio of 1/25 to 1/50. The G4 facsimile protocol is used 
with various additional color image parameters. This 
protocol enables parameters such as image size and 
image signal format to be checked before transmission to 
ensure quality. 
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Figure 5. Sys.em Configuration of the ISDN Visual Communication System in Localized Areas 




















Figure 6. High Definition Color Still Picture Transmission 
Unit: Fine Color Transfer 





(2) Still Picture Transmission Unit (Telephotograph 1000)'° 


This unit compresses and transmits image data (see Fig. 
7) taken with an analog electronic still camera or video 


camera. JPEG is used for image compression, and trans- 
mission speed is 10 seconds per screen at a compression 
ratio of 1/10 to 1/20. 


Functions include simultaneous still image and voice 
communication through 2B channels, and consecutive 
distribution and collection (maximum 50 locations). A 
function to connect portable phones is included, 
allowing transmission of still video signals. 


(3) Still Picture Multi-Address Transmission System 


Although all the above systems handle still video com- 
munications on a bilateral basis, this system offers 
simultaneous | tu N still video communications. The 
major elements of the system are a multi-distribution 
unit at the center of the system, a receiving unit (Fig. 8), 
and a relaying unit which collects and transmits image 
information to and from a remote site. 


Although conventional communications protocols for 
still picture communications have been proprietarily 
developed by each manufacturer, a standard still picture 
communications protocol using JPEG was authorized by 














Figure 7. Still Picture Transmission Unit: Telephotograph 1000 
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Figure 8. Public-Use Receiving Terminal 





TTC in May 1993.'’ This system employs the broadcast 
mode protocol specified in this standard to provide 
1-to-N still picture communications. The system is likely 
to be used in new services such as still picture telephones 
and remote viewing broadcasts. 
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(4) Audiographic Teleconferencing System based on 
Personal Computers 


This is an ISDN teleconferencing system (Fig. 9) for high 
resolution documents, configured to allow conferencing 
between up to six locations. Media types for the confer- 
ence include voice, binary image signals fed from a 
image scanner, and hand-written information entered 
with a pen. To achieve this system, the following issues 
had to be addressed: 


¢ Controlling the operation and display at remote sites 
e Displaying and transmitting hand-written information, 
and 


¢ Displaying on a CRT information entered from image 
readers that have various numbers of picture elements. 


These issues were resolved by controlling and speeding 
up the operation rights, employing a line preserving and 
reduced conversion scheme, and packetizing and trans- 
mitting hand-written sample information. 


Conclusion 


This paper has described the trends in the development 
of ISDN communications equipment for voice, data, 
and visual applications, and outlined visual equipment 
recently developed and marketed commercially by NTT. 
Three of these products are described in detail in sepa- 
rate papers in this volume. 


The integration of communications between OA equipment 
and systems, such as PCs and LANs, and home-use infor- 
mation electronics equipment will continue to accelerate. 
Evolving media processing needs to be systematized to 
ensure that ISDN communications equipment remains 
highly efficient. 
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Figure 9. ISDN Audiographics Teleconferencing System Based on Personal Computers 
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ISDN Audiographics Teleconferencing System 
Based on Personal Computers 


43070115B Tokyo NTT REVIEW in English Mar 94 pp 39-46 


[Article by Kiyoto Tanaka, Katsuaki Miyabo, and 
Toshikazu Yamaguchi, all senior research engineers, 
Human Interface Laboratories, NTT] 


[FBIS Transcribed Text] Abstract: We have developed an 
Audiographics Telecenferencing System that uses personal 
computers connected by basic rate ISDN lines. It permits up 
to six terminals to exchange multimedia data, including 
voice, images, and handwritten ‘*« >uts. A4-size documents 
read by an image scanner can be i: ansmitted to all telecon- 
ferencing terminals at high speed. They are reduced to 
one-third and displayed on a CRT in half an A4-size at high 
speed and at high quality. While participants talk, they can 
make and erase handwritten notes on an LCD tablet. 


This paper describes an overview of this system, the 
design method, and the system configuration. 


Introduction 


Along with the recent improvements in the cost- 
performance of personzl computers, ISDN communica- 
tion cards and input/output equipments for various 
media have been developed, such as image scanners and 
LCD tablets. This has created an environment in which 
it is possible to realize a teleconference in which a single 
virtual blackboard is shared between 7emote points using 
personal computers. While a few examples of the devel- 
opment of such systems have been reported,' those 
systems are for teleconferencing between two points 
only; teleconferencing involving three or more points is 
not possible with such systems. 


We have developed an Audiographics Teleconferencing 
System that uses personal computers connected by basic 
rate ISDN lines. It permits up to six terminals to 
exchange multimedia data, including voice, images, and 
handwritten inputs. This report describes the functions, 
design and configuration of the system. 


1. Function Overview 


This system has been designed by means of using an 
ISDN basic rate interface and providing an application 
program for a still-image teleconferencing service on the 
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layer-2 protocol (LAP-B ), which is employed for error- 
free message passing between the teleconferencing termi- 
nals. The following functions are realized in this system. 


(1) A teleconference can be realized among up to six 
terminals. 


(2) A4-size documents read by image scanner at high 
resolution of 200 dpi can be transmitted to other 
terminals at a high speed of eight seconds. 


(3) The image data of each terminal can be reduced to 
one-third its original size at high speed (three sec- 
onds) and with high quality, and half an A4-size 
document can be displayed on the CRT at one time. 


(4) While participants talk, they can make and erase 
handwritten notes in eight colors by using an LCD 
tablet. 


(5) With a touch of the pen, the menus and icons 
displayed on the LCD tablet can be used to scroll the 
screen, control the scanner, and perform other oper- 
ations (Fig. 1). 


(6) Documents created during a conference can be saved 
to external storage devices such as a hard disk, and 
then loaded later for display on the screen as needed. 








2. System Design 


2.1 ISDN Data Transmission Control Method 


2.1.1 Use of the B-Channel 


The ISDN still-image teleconferencing system handles 
the three types of media data listed below. These data 
types have various requirements with respect to the 
network, which raises the problem of how to allocate 
them in a single ISDN basic rate interface (2B + D). 
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(1) Audio signal—The audio signal must be encoded 
and transmitted in real-time. 

(2) Image data—A large amount of data must be com- 
pression encoded and error-free transmitted. 


(3) Handwritten input signal, pointing signal and con- 
trol signal—Although the amount of information is a 
little, a real-time communication is required for 
these types of data. 


In the proposed system, these types of data are allocated 
in the following way. This allocation allows commer- 
cially available ISDN communication cards designed for 
personal computers to be used without modification. It 
also maintains connection compatibility for digital tele- 
phones for audio communication. 
(1) B1 channel (circuit switching, LAP-B)—image data, 
handwritten input signal, pointing signal and control 


(2) B2 channel (circuit switching)}—audio signal 


2.1.2 Handwritten Input Control Method 


In the process of hundwritten input signals to be trans- 
mitted to other terminals, after the signal from the LCD 
tablet is displayed on the CRT of the sending terminal in 
real-time, it must be packetized for transmission to the 
other terminals through the ISDN. LAP-B is used in this 
ISDN data transmission. It can thus be expected that the 
display of the handwritten input signal on the CRT will 
be delayed, because the data must be accumulated in the 
input buffer of the personal computer because of the 
overhead due to the protocol processing. The following 
two methods have been applied as solutions to this 
display delay prodiem. 


(1) Packetizing the Multiple Samples of Handwritten 
Input Signals 


When packets are formed sample-by-sample for transmis- 
sion of the handwritten input signal to other conference 
terminals, the data processing for ISDN transmitting is not 
finished within the sampling interval of handwritten input 
signals. This makes real-time display on the CRT impos- 
sible. Therefore, the ISDN data processing overhead per 
packet is reduced by including muitiple (m) samples in a 
packet and reducing the number of transmissions to the 
other conference terminals. 


(2) Thinning cut the Handwritten Input Signal Data 
While the processing time for display of the handwritten 
input data on the CRT is short compared to the 

interval of the handwritten input signals from the LCD 
tablet, the processing time for ISDN packet transmission 
is large compared to that sampling interval. When the 
input stroke is long, as it is for cursive English hand- 
writing, packets will be sent during mid-stroke. Even 
during such long periods, the handwritten inpui signal 
accumulates in the input buffer of the personal computer 
for a fixed amount of time. Therefore, the display of the 
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following part of the signal may be delayed, and at times 
the signal cannot be displayed at all within that sampling 
interval. 


When multiple handwritien input signals are waiting in 
the input buffer to be displayed on the CRT, a method in 
which up to n consecutive signals are skipped is 
employed. This method prevents the accumulation of an 
excessive number of input signals in the input buffer and 
lightens the load on the CPU. However, as the band- 
width of the handwritten input signal is 15 Hz,° it is 
necessary to choose a value for m that the sampling 
interval of the handwritten input signal is at least 30 
samples per second. 


The domain of possible values for the parameters m and 
n when the above method is applied is shown in Fig. 2. It 
has been confirmed that, within that domain, the hand- 
written data from the tablet can be displayed on the CRT 
in real-time, and the signal can be sent to the other 
conference terminals over the ISDN. 
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Figure 2. Relationship Between Parameters ™ and 7 














2.1.3 Multipoint Control Method 


With this teleconferencing system, the conference pro- 
ceeds with the shared documents and the still-image 
displayed on the screen of each participating conference 
terminals. Therefore, the screen contents and status 
must be consistent among all of those terminals. There 
are two methods of achieving this consistency. One is a 
centralized control method, in which a multipoint con- 
trol unit (MCU) manages the multiple operation 
requests from conference terminals. The other is a dis- 
tributed control method, in which operation control is 
achieved by a circulating operation token that represents 
a terminal’s right to operate. Our system employs the 
centralized control method, because it provides quick 
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response, easy recovery after failure and easy connection 
of a new terminal or disconnection of a terminal while a 
conference is in progress. 


In this section, we explain the operation request control 
required for multipoint control employing the central- 
ized control scheme. We also discuss a method for 
shortening the processing time of that control. 


(1) Operation Request Control 


In the centralized control method, the MCU selects one 
from among the multiple operation requests from the 
conference terminals and sends that request to all of the 
terminals in the conference, thus updating their state to 
all the same. To realize this kind of operation control, 
our system uses the protocol described below (Fig. 3). 


(a) When a terminal operator uses the LCD tablet pen to 
input some operation, such as selecting a menu item ((1) 
in Fig. 3), that terminal sends an operation request to the 
MCU ((2) in the figure). That request includes the 
contents of the operation. 


(b) After receiving a number of operation requests, the 
MCU chooses one acceptable request from among them 
((3) in the figure). After the operation per mission is 
established, the MCU sends the operation to all of the 
conference terminals ((4) in the figure). 


(c) The MCU and all of the terminals initiate the process 
that executes the command for the permitted operation, 
thereby updating the content or status of each terminal 
screen ((5) in the figure). 


(d) After completing the processing for the command, 
each terminal sends an end processing operation request 
to the MCU to inform that the processing is finished ((6) 
in the figure). 


(e) When the MCU receives the end processing operation 
request from the terminal that has the operation right 
((7) in the figure), it sends an end processing operation 
permission to all of the participating terminals and 
notifies them that the next operation request can be 
accepted ((8) in the figure). 


The MCU possesses a state control table for each ter- 
minal to make this centralized control of the terminal 
states possible. 


(2) Shortening the Processing Time of the Operation 
Request Control 


Each terminal is set up to enable pen input of all 
operations, such as handwritten input and screen 
scrolling. Thus, it is necessary to execute the processing 
immediately when the operator touches the LCD tablet 
with the pen. To shorten the processing time of opera- 
tion request control, terminals in our system detect the 
approach of the pen during pen operation and send the 
operation request to the MCU. Thus, the terminal oper- 
ator can obtain operation permission as soon as the pen 
touches the tablet, shortening the apparent processing 
time of the operation request control. 
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Figure 3. Protocol for Synchronous Control 





2.2 Image Data Control Method 
2.2.1 Image Data Display and Management 


An A4-size document image acquired from a scanner at 
200 dpi contains 1,728 pixels horizontal and 2,376 pixels 
vertical‘ (in the following, we call this the standard-size 
image data). The CRT display of personal computers, 
however, are only 640 pixels horizontal and 400 pixels 
vertical. Therefore, only a small part of the entire image 
in its original form can be displayed on the screen at one 
time. For this reason, our system reduces the standard- 
size image data to 576 pixels by 792 pixels (in the 
following, we call this the reduced-size image data), 
one-third its original size, for display on the CRT during 
a conference. 


The system thus generates two types of image data that 
differ in the number of pixels they contain (the reduced- 
size image data and the standard-size image data). These 
two types of image data are managed by the system in the 
following way. To allow the image data to be output toa 
printer or saved as a file without degradation of the 
image quality, only the standard-size image data is 
treated as the original; separate reduced-size image data 





is generated by reducing the standard-size image data to 
one-third its size. Information handwritten onto the 
reduced-size image data on the screen is later enlarged 
and projected in the standard-size image data. This 
enlargement and projection of the handwritten input 
data to the standard-size image data is done during file 
saving or page changing so as to reduce the load on the 
CPU during the handwritten input processing. 


2.2.2 Reduction Conversion Method 


Two conventional methods for reducing binary images 
are available: selective processing conversion (SPC) and 
Field Mapping Method. In SPC, when the reduced size 
image is projected onto the original-size image, each 
pixel (the converted pixel) in the original-size image is 
given the value of the nearest pixel (the original pixel) in 
the original-size image. In the Field Mapping Method, 
for 1/N reduction, the value assigned to the converted 
pixel depends on whether the average of the values of the 
N2 original pixels that surround the converted pixel 
exceeds a certain threshold. However, if both of these 
methods are used, thin lines may be lost and as a result 
image quality may be deteriorated when there are thin 
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to reduction ratio N, a thin line is defined as one whose 
line width of W satisfies the ip (13 W SN-1), and which has 
a line length of at least 3 pixels at a right or diagonal to the line width. 


(b) Definition of a Thin-Line (for black lines) 


line exists 
color of the thin line. 
line does not 





at (1), set value of the converted pixel Q to the 
exist at (1), set the value of the converted pixel 


is white, determine if a black thin 
is black, determine if a white thin 








Figure 4. 1/N Reduction-Conversion Algorithm 





black or white lines in the original image. Although there 
is another method that [can] eliminate this problem 
called the thin-line preservation method for binary 
image reduction, it too has some drawbacks. In partic- 
ular, a technique for determining converted pixels when 
both black and white thin lines are present has not yet 
been established, and as the number of reference pixels is 
many, computation time becomes excessive. In response 


to these problems, we have developed a 1/N reduction 
conversion algorithm (Fig. 4) which is based on the 
reduction conversion method of Ref. (5) and is easily 
applied to hardware processing. We have also developed 
an image processing LSI° applicable to this algorithm 
and applied it to the system. These developments have 
enabled us to achieve reduction conversion with little 
deterioration of image quality, as shown in Fig. 5. 
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Figure 5. Comparison of Image Reduction Methods 





3. System Configuration 


3.1 Hardware Configuration 


Main specifications of this system are listed in Table 1. 
The system for communication among from three to six 
positions consists of one MCU and one teleconferencing 
terminal for each position; for two-point communica- 
tion, the system consists of simply two teleconferencing 
terminals. The teleconferencing terminals have the 
following components (Fig. 6). 


(1) Personal computer and CRT display 

(2) ISDN communication card 

(3) Binary image processing card 

(4) Up to five LCD tablets 

(5) Image scanner 

(6) Printer 

(7) Audio conferencing unit or up to five headsets 





Table 1. Main Specifications 





Specifications 





Number of conference locations 


Max: 6 





Personal computer 


NEC PC9801 series 





Applicable network 


ISDN basic rate interface circuit switching—!B (data) + 1B (voice) 























Document size of image scanner A4-size 
Resolution of image scanner 200 dots/inch (monochrome) 
Number of pen colors 8 colors 

Number of pointing colors 8 colors 

Number of display pixels 640 x 400 pixels 
Reduction ratios 1/3, 1/6 (for layout) 
Coding method Modified MR 
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Figure 6. Hardware Configuration of Teleconferencing Terminal 





The MCU has the following components (Fig. 7). 
(1) Personal computer and CRT display 

(2) Up to six ISDN communication cards 

(3) Binary image processing card 

(4) I/O expansion unit 

(5) Audio bridge card 


Of these hardware components, the binary image pro- 
cessing card is a newly developed device. The other com- 
ponents are all commercially available products. This 
binary image processing card (Fig. 8 [not reproduced]) 


consists of a microprocessor for control, image data 
memory, and an image processing LSI.° It performs the 
following processing according to software interrupts from 
the CPU. 


(1) Input of image data from the scanner and storing it 
in the image memory 


(2) Image reduction conversion 
(3) Enlargement conversion 


(4) Data compression and expansion by modified MR 
(modified relative element address designation) 


(5) Image rotation 

















For 
terminal #1 
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Figure 7. Hardware Configuration of MCU 
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Figure 9. Software Configuration 
3.2 Software Configuration (2) CCITT Recommendation X.25: “Interface between 


The software for this system is written in C. It consists of 
processing modules for each menu item and a process 
management module for controlling the processing mod- 
ules (Fig. 9). This modular construction facilitates the 
addition of functions. 


Conclusion 


The ISDN still-image teleconferencing system (High 
Resolution Document Conference System) has potential 
for use in administrative conferencing among managers, 
such as design meetings for software development 
projects. It is also expected to find wide use as a support 
tool for inter-office communication, supplementing the 
facsimile machine and telephone. The system described 
in this paper was put on the market as a commercial 
product under the name of "Meeting Assist’ in June of 
1993 by Visual Communications Sector. 
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Development of 100-Fiber Optical Submarine Cable 
43070115C Tokyo NTT REVIEW in English Mar 94 pp 65-69 


[Article by Naohito Ohno, engineer, Kenji Yoshioka, 
staff member, and Kiminori Sato, senior engineer, Cus- 
tomer Systems Development Department, NTT] 


[FBIS Transcribed Text] Abstract: NTT has been deploying 
optical submarine cable in telecommunications network. To 
meet needs for high-count fiber cables, NTT has developed a 
100-fiber optical submarine cable with new structure con- 
taining 25 of 4-fiber ribbons. This cable has been applied to 
trunk optical fiber cable networks and represents a major 
advance in efficiency and cost of construction of optical 
submarine transmission lines. NTT started introducing this 
cable commercially in October 1993. 


This paper describes an outline of characteristics and 
structure of this 100-fiber optical submarine cable, and 
test results of first commercial introduction. 


Introduction 


NTT’s first optical submarine cables were introduced in 
1983. Since then more than 3,000 km of optical subma- 
rine cables have been introduced. The repeater spans of 
optical submarine transmission systems have been 
extended at a great pace with innovations in both low- 
loss optical fiber and optical transmission technologies. 
Currently repeater spans over a hundred kilometers are 
realized, and application areas of non-repeated optical 
submarine cable system has been greatly extended. 


Concerning the number of fibers in a cable, NTT’s first 
optical submarine cables for nonrepeated system had 
accommodated only maximum of 12 optical fibers, and 
next generation does 48 optical fibers.':* However, needs 
for high-count fiber optical submarine cables have been 
increased to realize larger transmission capacity neces- 
sary for realizing future telecommunication networks. 


NTT has been the first in the world to develop a 
100-fiber optical submarine cable with the same size and 
weight as conventional cables, and with a submersion 
capability to several thousands of meters. 


1. Background of the Development 

Since Japan is an island country, submarine cables have 
played very important roles in the construction of tele- 
communication networks between the mainland and 
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isolated islands. Generally, optical submarine transmis- 
sion systems have great economical advantages for long 
distance transmission routes, since submarine transmis- 
sion lines require no underground facilities. Further- 
more, submarine long distances routes can be 
constructed within a shorter period of time and with 
lower costs when compared with terrestrial systems. 
However, submarine cables have problems that the 
number of optical fibers in a submarine cable is so much 
less than that of a terrestrial cable. To get the same 
number of fibers as a terrestrial cable, two or more 
submarine cables must be installed over the same sub- 
marine section, and that leads to cost increase. 


Therefore, submarine cables with the same maximum 
number of optical fibers as terrestrial cables represents a 
major advance in reducing the construction and main- 
tenance costs of transmission systems. Together with 
extensions in repeater spans, this increases areas of 
application of non-repeated optical submarine transmis- 
sion systems. Optical submarine transmission systems 
will come to be more widely accepted not only in 
conventional uses such as channel crossing or linking the 
mainland with outlying islands, but also in linking large 
coastal cities and establishing bay crossing linkages. 


2. Cable Design 


2.1 Design Concepts 


Figure | shows a cross section of NTT’s conventional 
48-fiber optical submarine cable.*The structure of con- 
ventional cables is classified into three sections, optical 
unit, pressure resistant shell structure, and polyethylene 
sheath. 


The optical unit, located at the center of the cable, 
consists of helically twined four optical sub-units. Each 
optical sub-unit accommodates 12 fibers. The center 
wire and optical fibers are coated with UV curable resin. 


If the conventional structure is used to accommodate 
more than 48 fibers, an outer diameter and weight of the 
cable will increase; that means disadvantages in handling 
and manufacturing. Therefore, the 100-fiber optical sub- 
marine cable structure was designed keeping the cable 
size and weight. 




















Figure 1. Structure of 48-Fiber Submarine Cable 
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Figure 2. Structure of 100-Fiber Submarine Cable 





Figure 2 shows a cross section of NTT’s new 100-fiber 
optical submarine cable. The structure of the cable is 
based on fiber ribbon and slotted rod technologies that 
has been used in terrestrial cables.‘ 


The following technologies have been ap plied to the 
100-fiber cable to accommodate twice as many fibers as 
in conventional cables while keeping conventional cable 
size and weight.° 


(1) Fiber Ribbon and Slotted Rod 


Up to 25 of four-fiber ribbons, totally 100 fibers, can be 
accommodated in a cable. Five ribbons are tightly 
inserted into each slot helically shaped on a polyethylene 
rod. The four-fiber ribbon is the same as that for 
terrestrial use. This structure has advantages in optical 
fiber stability against tension, bending, lateral force, and 
water pressure. 


(2) Water Blocking Tape 


Water blocking tape consists of absorbent powder and 
base tape. The absorbent is capable of absorbing water 
by 1,000 times of own volume and extending its volume. 
When water penetrates into the cable, the absorbent 
powder is released and spreads rapidly into empty spaces 
in the cable, and shuts off the water path and stop more 
water penetration. 


(3) Carbon Coated Fiber 


Carbon coated fiber can resist high strain. By adopting 
the carbon coated fiber, long term reliability is realized 
against high residual strain on fibers by manufacturing 
and laying. 


The main features of the 100-fiber optical submarine 
cable compared to conventional 48-fiber cables are 
shown in Table 1. Only this cable in the world has the 
structure consisting of fiber ribbons and slotted rod. 





Table 1. Main Features of 48-Fiber Cable and 100-Fiber 


























Cable 
Items 48-fiber cable 100-fiber cable 
Maximum number of 48 100 
optical fibers 
Outer diameter (mm) 22.5 22.5 
Weight (in air) (kg/m) 1.2 0.97 
(in water) 0.45 0.45 
Breaking tension (tons) 10 10 
2.2 Characteristics 


Characteristics of the 100-fiber optical submarine cable 
are shown in Table 2. 





Table 2. Test Results of Manufactured Cable 


























Items Test Conditions Resesits 

Temperature +5°C to +30°C Optical loss change: 

change within +/-0.001 dB/km 

Lateral pressure 980 N/cm, | hour No less increase 

Water pressure 29.4 MPa, | hour No loss increase 

Water penetration Water 10 m/9 hour; 9.8 MPa 
9.8 MPa, 39.2 MPa | 70 m/9 hour, 39.2 MPa 

3.1 Splicing of Optical Fiber 


Because the 100-fiber optical submarine cable consists of 
25 of four-fiber ribbons, mass-fusion splicing method 
can be used, that has been used for splicing fiber ribbons 
in terrestrial cables. Mass-fusion splicing method shows 
an equivalent loss of a direct fiber-core monitoring 
method for conventional mono fiber splicing. Splicing 
time can be reduced by using the mass-fusion splicing 
method. Short splicing time is desirable particularly for 
on board splicing. 


3.2 Cable Jointing Box 


Mass-fusion splicing reduces not only splicing time but 
also the volume of splicing parts. Therefore, space for 
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storing spare fibers and reinforcing parts of the 100-fiber 
optical submarine cable is almost the same as that of the 
conventional cable. Twenty-five spare ribbon fibers and 
reinforcing parts can be stored in only six protective 
trays. This method allows the use of conventional cable 
jointing box. 

4. Commercial Test 


4.1 Outline 


The 100-fiber optical submarine cable has been intro- 
duced into two routes, between Wakayama and Tokush- 
ima, and between Matsuyama and Ohita in October 
1993 (Fig. 3). The repeater span of the first route is 60 
km including 18 km submarine section, and that of the 
second route is 80 km including 60 km submarine 
section. The installed cables accommodate 1.55 pm 
dispersion-shifted optical fibers, and they are armored 
with steel wire having diameter of 5 mm and 7 mm. 

















Figure 3. First Introduction Routes 





4.2 Cable Manufacturing 


Optical loss changes during cable manufacturing were 
measured. The result is shown in Fig. 4. Loss changes are 
very small and proof the stability of slotted rod structure. 


4.3 Cable Installation 

The maximum depth along this route is 72 in. There is a 
possibility of damage from commercial fishing activities 
and so on, Therefore, this cable was buried under the sea 
bed using a plow cable burying machine. 

4.4 Commercial Test Results 


The commercial test shows extremely excellent results 
and stable characteristics. 
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Figure 4. Optical Loss Changes During Cable 
Manufacturing 





(1) Optical Loss Characteristics 


The 100-fiber submarine cables commercially intro- 
duced show excellent optical loss characteristics, as 
shown in Fig. 5. Average loss is 0.213 dB/km and 
maximum loss is 0.218 dB/km. 
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Figure 5. Histogram of Optical Loss 
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(2) Optical Loss Changes During Installation 


Optical losses were measured during installation at 
wavelengths of 1.55 um and 1.65 ym using two sets of 
loop-returned optical fibers. As shown in Fig. 6 each 
measurement result shows insignificant loss changes. 
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Figure 6. Optical Loss Change During Installation 





Conclusion 


This paper described new 100-fiber optical submarine cable 
technologies, and detailed excellent results on the first 
commercial introduction of this new cable. This 100-fiber 
optical submarine cable would greatly improve the con- 
struction of optical submarine transmission lines and would 
extend applications area of optical submarine systems. 
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150-Mbit/s Digital Leased Circuit System 
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Sano, staff members, all of the Customer Systems Devel- 
opment Department, NTT: “150-Mbit/s Digital Leased 
Circuit System—The First Step for Broadband Commu- 
nication Service’’] 
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[FBIS Transcribed Text] Abstract: A 150-Mbit/s digital 
leased circuit system to provide broadband leased service 
was brought into commercial use in October 1993. 


This paper describes the aim and the outline of the 
specification of this service and the configuration of the 
“150 M-bit/s digital leased circuit system”. 


Introduction 


Until October 1993, the highest speed in NTT telecom- 
munication services was 6-Mbit/s. The speed of net- 
works on customer premises, however, such as the high- 
speed Local Area Network (LAN), and the Integrated 
Services Private Exchange System (ISPBX) which adopts 
distributed control architecture (see Fig. 1) has become 
remarkably high.' Leading companies constructing pri- 
vate networks have thus come to require economical 
broadband communication services. Broadband com- 
munication service is also required in the field of the 
research and development, because of the use of the 
high-definition television (HDTV) signal-transferring 
technology and the supercomputer communication. To 
meet these communication requirements, a broadband- 
integrated services digital network (B-ISDN) based on 
the asynchronous transfer mode (ATM) technology is 
being developed but is not yet in commercial service. 
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Figure 1. Networks in the Customer Premises 

















NTT has begun providing the broadband leased circuit 
service based on the synchronous transfer mode (STM) 
technology, and is trying to meet the requirements 
described above and extend the markets of the high- 


speed and broadband communication. 
1. Service NTT Decided To Begin This 
Service in Two Steps 


The first step service is offered only inside the message 
area, (called the intracity area), where the customer 
demand is strong. The second step starting a year later, 
will be to extend the service area all over Japan and to 
offer customers various menus. This paper describes the 
first step that the service has already begun. Table | lists 
the outline of the service specification of the first step. 
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Table 1. Outline of the Service Specifications 























Items Specifications 
Service bit-rate C-4 (149,760 kbit/s) 
Service area Inside message area only 
Transmission line interface Optical fiber 
Transmission bit rate: STM-1! 
(155,520 kbit/s) 
User-network interface Optical fiber 
Transmission bit rate: STM-1 
(155,520 kbit/s) 
2. Tariff 


The 150-Mbit/s leased circuit is about twenty-five times 
as fast as the conventional 6-Mbit/s leased circuit, but 
the transmission facilities of this circuit are the same 
optical fiber cables, that are used for the conventional 
6-Mbit/s leased circuits. Running cost can therefore be 
less than that of the conventional leased circuit. Figure 2 
shows the monthly rates for the 150-Mbit/s leased circuit 
and the conventional 6-Mbit/s leased circuit. 


3. C of the 150-Mbit/s Digital Leased 
Circalt System 
Figure 3 shows the system configuration of the 150- 
Mbit/s digital leased circuit system. The main facilities 
in this system are the following: 


e The 156M Digital Service Unit (156M DSU) and the 
Terminal Equipment (TE) (on the customer premises) 
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Figure 2. Monthly Rates for Leased Circuit Service 








¢ The STM Circuit Node Equipment (SNE) (in NTT offices) 
¢ Optical-fiber cables between the customer premises 
and the NTT offices. 


The main functions of the 156M DSU are as follows: 


¢ optical subscriber line transmission (transmitting 
optical digital signals at about 156-Mbit/s) 

* section termination (terminating the STM-1 section) 

¢ path termination function (terminating the VC-4 path) 

¢ loop back function (LOOP 2) (looping back and 
sending digital signals to SNE by remote control) 
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Figure 3. System Configuration of the 150-Mbit/s Leased Circuit System 
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The main functions of the SNE are as follows: 


* optical subscriber line transmission (transmitting 
optical digital signals at about 156-Mbit/s) 

e section termination (terminating the STM-! section) 

¢ path termination (terminating the VC-4 path) 

® remote testing access and controlling (for example, 
path terminating, testing access, and protection 
switching) 

e alarm monitoring (monitoring alarms all the time and 
reporting to the alarm monitoring system in time of faults) 

¢ performance monitoring (monitoring circuit perfor- 
mance all the time and reporting to the performance 
monitoring system when the performance below the 
threshold). 


Figure 4 [not reproduced] shows the exteriors of the SNE 
and the 156M-DSU. 


Operators in the service management center, which is far 
from the SNE-installed offices, can manage the circuit. The 
main management actions are circuit provisioning, alarm 
and performance monitoring, protection switching, and 
fault location. For these actions, operators can use the 
controller (a personal computer) and the Workstation | 
(WS 1) of the alarm-monitoring system (which is called 
CAROLINE). 


We have also developed 156M DSU Tester for end- 
to-end circuit testing in the case of circuit provisioning 
and circuit fault. 


4. Features of the 150-Mbit/s Digital Leased Circuit 
System 


4.1 Application of SDH for the LI and the UNI 


STM-! frame of synchronous digital hierarchy (SDH) 
applied for the Network-Node Interface (NNI) is used 
for the transmission line interface (LI) and the User- 
Network Interface (UNI). 
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We applied the STM-! frame of SDH in the subscriber 
line and have been able io use optical transmission over 
a radius of twenty kilometers within the message area 
without using repeaters. 


4.2 The UNI and the LI Corresponding to the ITU-T 
Recommendation 


Our user-network interface (UNI) and transmission line 
interface (LI) are in accordance with the ITU-T recom- 
mendation G-series that recommends the physical and 
logical requirements of the SDH and with the ITU-T 
recommendation I-series that recommends the physical 
and logical requirements of the B-ISDN. Furthermore 
the operation, administration, and maintenance (OAM) 
functions necessary for leased circuit operation are pro- 
vided by allocating them for the non-defined bytes in the 
SDH frame. The OAM functions are, for example the 
loop-back function and the detecting function for the 
DSU’s power supply. 


4.3 Node System Architecture for Small Demand 


To invest in facilities economically while demand is 
small when service is just starting, we have used the 
node system architecture that has only one circuit 
installed in one SNE. That means that the SNE has both 
common functions (clock receiving, controlling, 
monitoring, and power supply) and circuit terminating 
functions. 


5. Application 


Figure 5 shows an example of the application of this 
service. This system will provide high-speed data pro- 
cessing and video signal processing when customers use 
it to interconnect two high-speed LANs (FDDI) or 
supercomputers. 



























































Figure 5. Example Application for the 150-Mbit/s Leased Circuit 
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Conclusion 


This paper described the outline of the broadband leased 
circuit service and the configuration of the 150-Mbit/s 
digital leased circuit system. 


We are now developing the second step of the 1 50-Mbit/s 
digital leased circuit system so that the service area can 
be extended all over Japan, and we are adding more 
50-Mbit/s service and 45-Mbit/s user-network interfaces. 
In the next step, NTT will make this service more 
various and more widespread. 
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[FBIS Transcribed Text] Abstract: This paper introduces 
quality assessment in multimedia services to establish 
performance standards for new multimedia services. It 
reviews multimedia services being developed based on 
new technologies such as media processing, flexible net- 
works using ATM (asynchronous transfer mode), and 
optical communications. Reasonable multimedia service 
quality assessment, based on customers’ opinions of the 
impairments occurring with these services, is required for 
designing and managing networks and terminals pro- 
viding new multimedia services. Thus the present speech 
transmission performance evaluation capabilities must be 
expanded to include video and multimedia. 


Introduction 


In 1990, NTT proposed a service vision for the 21st 
century called VI&P (Visual, Intelligent and Personal 
Services), taking account of expected changes in society, 
the economy, human life and culture, and progress of 
new technologies. The VI&P service vision will provide 
advanced telecommunications services with more visual, 
intelligent, and personal communications than the con- 
ventional telephone service. For this purpose, compre- 
hensive experiments toward VI&P have been conducted 
at the NTT’s R&D centers since 1991. VI&P services 
will be achieved through new technologies such as ATM 
(Asynchronous Transfer Mode) aimed at B-ISDN 
(Broad-band Integrated Services Digital Network), 
media processing, and optical communications. 


Commercial networks are expected to introduce more 
integrated services using multimedia for VI&P in the 
future. These services can be regarded as “multimedia 
services” considering the wide range of media. These 
“media” can be divided into expression media and 
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transmission media. That is, multimedia services are 
defined as services in which various expression media 
such as video, speech, text, graphics and numbers are 
transmitted to customers via shared transmission media. 


Designing and managing networks and terminals pro- 
viding new multimedia services will require reasonable 
multimedia service quality assessment. Up to now, 
quality assessment research has been studied only for 
individual media such as speech or video. There has 
been little research related to multimedia service quality 
assessment taking account of the interactions between 
media. Therefore, the individual quality assessment 
capabilities must be expanded to include multimedia. 


On the other hand, there have been qualitative improve- 
ments in telecommunication services from the viewpoint 
of quality assessment research. For example, conven- 
tional telephone service has mainly used a handset 
equipped with a microphone and receiver; in the future, 
however, hands-free communication using a loudspeaker 
will be important. 


First, communications quality is assessed by subjective 
methods using customers’ judgments. However, subjec- 
tive quality assessment is very expensive and time con- 
suming. Therefore, it is quite common in the 
telecommunications field to estimate communications 
quality by objective methods using mathematical 
models; the results obtained correspond well with those 
of subjective evaluations. 


This paper introduces the topic of quality assessment 
research in multimedia services in order to establish 
performance standards for these new services. It reviews 
what multimedia services are, discusses essential tech- 
niques such as acoustics, speech processing, and video 
processing, and examines the issues in quality assess- 
ment research for multimedia services. 


1. Multimedia Services 


Multimedia services are strongly expected as future 
communications services. However, the word “multime- 
dia” is somewhat ambiguous. Here, we will study quality 
assessment issues for communication services using var- 
ious media simultaneously. 


1.1 What Is Multimedia? 


In this paper, multimedia services are regarded as ser- 
vices in which various expression media are transmitted 
to customers via shared transmission media. That is, 
multimedia technology means “providing a seamless 
interface between people utilizing computer and com- 
munications.” 

Table 1 shows the kinds of multimedia relevant to 
communications services, classified into expression and 
transmission media. The expression media concern 
speech, video, text, graphics, numbers and figures. 
Speech includes not only conventional voice telephony 
but also hi-fi speech and audio with a wider frequency 
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band than the telephone. Video includes both static and 
moving pictures, and both NTSC (National Television 
Standard Committee) and HDTV (High Definition Tele- 
vision) systems. The multimedia services using these 
expression media require media processing technologies 
such as media coding and media transformation. The 
transmission media involve communications networks, 
broadcasting networks and packaged media such as 
compact disks and video tapes. 





Table 1. Kinds of Multimedia 
Classification of multimedia Kinds of media 
Video (static and moving pictures) 
(NTSC, HDTV and Super HD) 
Text 
Graphics 
Numbers 
Drawings 
Communications networks 
Broadcasting networks 
Packaged media (compact disk and 
videotape) 











Transmission media 








ATM technology is expected to enable the future B- 
ISDN to handle this integrated traffic ranging from 
narrowband voice and data services to broadband video 
services. That is, the ATM approach provides a flexible 
means for multimedia communications with a i 
bandwidth to support a wide range of B-ISDN services. 
Figure | shows an ATM network composed of cell pro- 
cessing nodes and digital transmission links. Speech and 
video signals are coded and processed to form cells having 
a short constant length so they can be handled without any 
dependence on the kind of medium. The format of the cell 


has been standardized in ITU-T (International Telecom- 
munication Union Telecommunications Sector: formerly 
CCITT). It consists of a cell header (5 octets) for labeling 
and control, and the information field (48 octets). The cell 
packetization causes new types of quality degradation that 
do not occur in a conventional network. Therefore, service 
quality assessment is required for effective transmission 
planning in telecommunication networks from the view- 
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Table 2. Examples of Multimedia Services 
Classification of services Examples 
Visual services Vi 
Video conference 
Personal communication conference 
Computer supported cooperative work 
Interactive television system 
Multimedia on demand 
Automatic transiation telephony 
Voice dialling 
Text mailing system 
Text translation system 


Personal handy phone 
Pocketable videophone 











Intelligent services 











1.3 Acoustics 


There are strong demands and high expectations for a new 
type of telecommunication service producing a good vir- 
tual environment where participants can hear, see, and feel 
in a seemingly shared atmosphere. Thus, more realistic 
communications, where one seems to be sitting next to 
one’s partner even though actually separated from him/her 
requires acoustics technologies such as audio signal pickup 
and high-fidelity sound reproduction. Furthermore, 
advanced acoustics technologies will be able to communi- 
cate not only verbal meanings but also the atmosphere of 
the conversation, and allow communications in a noisy 
environment too. Therefore, NTT is studying topics 
related to acoustics and audio processing such as sound 
wave pickup and sound reproduction utilizing micro- 
phone-array and loudspeaker-array techniques. 


Future telecommunication systems are expected to pro- 
duce a virtual environment in which multiple parties can 
share an acoustic space. To control the acoustic fields 
and their atmosphere freely, techniques for removing 
distracting effects and for sound creation in acoustic 
space are required. Three topics based on the study of 
methods to remove distracting effects were highlighted 
by us: a microphone-array system called AMNOR 
(Adaptive Microphone-array for NOise Reduction) for 
noise reduction,” acoustic echo cancellation with ESP 
(Exponentially weighted Step-size Projection) 
algorithm,’ and adaptive noise control system based on 
MINT (Multiple-input/output [Nverse Theorem).* The 
other approach involves the study of methods to produce 
useful effects. Two topics were highlighted: a stereo 
reproduction technique to produce a wide listening area 
with good sound image localization, and a transaural 
system to present a listener with the same sound that the 
listener would hear in the original sound field. 


Recent research has focused on developing cooperative 
working platforms for people physically separated but 
working together through a common environment via 
networked computers. For example, a headphone tele- 
conferencing scheme was proposed for a multimedia 
workstation network. We expect sharing a common 
acoustic environment by incorporating spatial sound 
fields to increase the efficiency of meetings. 
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1.4 Speech Processing 


Advanced speech recognition, speech synthesis, and 
speech coding technologies can provide various kinds of 
multimedia services using speech. 


It would be wonderful if machines could recognize a 
human voice and understand its meaning, and could 
operate by themselves. Speech recognition aims at auto- 
matic recognition by machines. At present, about a 
hundred words spoken by an arbitrary person can be 
recognized with an acceptable level of errors for practical 
use. If the talker is restricted to a specified person, up to 
a thousand words can be recognized. For example, NTT 
introduced a banking system utilizing speech recognition 
and speech synthesis called ANSER in 1981. In the 
future, improvements in acoustic, linguistic, and knowl- 
edge-based processing should be studied to allow thou- 
sands of words by unrestricted talkers and more than ten 
thousand words by a restricted talker. Then voice dial- 
ling for telephones and spoken input to word processors 
will be possible. 


Speech synthesis produces spoken sound from written 
text after text analysis and the addition of accent and 
intonation by synthesis rules. It allows a large number of 
arbitrary words and sentences to be synthesized by a 
speech synthesizer with less memory. The main issue is 
how to synthesize a high quality voice. The analysis- 
synthesis method LSP (Line Spectrum Pair) only 
achieves low quality, so speech waveform synthesis 
methods such as wavelet compilation of phoneme seg- 
ments and being studied.* 


The network intended for multimedia services is a 
digital network called ISDN as described in the intro- 
duction. To transmit speech data via a digital network, 
the speech signals, which are an analog waveform, must 
be converted to digital form; this technique is called 
speech coding. The quality of the coded speech depends 
on the transmission bit-rate, frequency band for speech, 
and processing time for speech coding (namely, trans- 
mission delay). Thus, the requirements for speech coding 
vary depending on the kind of application. For example, 
low-bit rate coding is required for mobile telecommuni- 
cations because radio frequency band is limited in 
capacity. The public switched telephone networks 
(PSTN) such as ISDN require short-delay coding 
because long delays would cause unnaturalness or dis- 
turbing echoes. Moreover, personal communications by 
radio transmission requires both low-bit rate and low- 
delay coding. Coding methods for audio signals that 
include music are also being studied. 


1.5 Video Processing 


Progress in audio and visual processing technologies is 
making possible not only face-to-face visual telephone 
but also various types of communication services such as 
multimedia on demand. Visual communication with a 
large high-definition screen is one example. Another 
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example is multimedia communications with multiple- 
pictures in a split screen. Video processing technologies 
for achieving these new multimedia services have many 
remaining problems, just like acoustics and speech 
processing described in Sections 1.3 and 1.4. 


One of the key technologies for these video and multi- 
media services is video coding. ITU-T recommends the p 
X 64 kbit/s (64 kbit/S to 2 Mbit/s) video coding scheme 
(Recommendation H.261) as standard video coding for 
videoconferencing and videophones. This recommenda- 
tion is composed of the basic scheme of the coding 
algorithm and the framework of the transmission system. 
The detailed specifications, such as pre- and post-filtering 
for the codec (coder-decoder), and the trade-off between 
time distortion and quantizing distortion, are left to 
system designers. Video coding for high definition TV and 
super high definition TV is being studied. 


As an example of an actual system, the personal conference 
system which shares a conference environment for mutually 
distant people at multiple locations was proposed. To 
achieve such a natural environment through communica- 
tion, the conference pictures were shown in several windows, 
and the voice signals were transferred and filtered using 
spatial sound field information, to reconstruct the original or 
sound field around a listener’s position. These methods are 
called groupware and CSCW (Computer Supported Cooper- 
ative Work). We expect such sharing of a common acoustic 
and video environment by incorporating spatial fields to 
increase the efficiency of telephones meetings. 


Multimedia Quality Assessment 


2.1 Objectives of Communications Quality Assessment 


Reasonable quality assessment based on customers’ opin- 
ions for multimedia communication services is required for 
designing and managing networks and terminals providing 
new services economically and with high quality. There is a 
direct trade-off between cost and quality. In general, eco- 
nomical networks and terminals provide low quality, while 
high-quality ones are expensive. To design networks and 
terminals with an appropriate balance between economy 
and quality, customers’ opinions of impairments in new 
services should be evaluated. Table 3 summarizes the 
objectives of quality assessment research. 
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Table 3. Objectives of Quality Assessment 
Understanding customers’ satisfaction with services 


Designing and managing from viewpoint of quality 
Diagnostic assessment for services 
Mutual assessment for systems from quality viewpoint 


Quality inspection of systems for checking standardization 
conformance 


Communications quality has been assessed by subjective 
methods using customers’ judgments for listening to speech 
and watching video, including multimedia. This is subjec- 
tive quality assessment. However, subjective quality assess- 
ment is very expensive and time consuming. It also requires 
large apparatus that conforms to the international standard 
organizations such as ITU-T. Moreover, many test subjects 
are required for opinion rating measurements. Therefore, it 
is quite common in telecommunications to estimate com- 
munications quality by objective methods using mathemat- 
ical models, in which the obtained results correspond well 
with those of subjective evaluations. This is objective 
quality assessment, which is thought to be the final goal of 
communication quality assessment. Recently, objective 
quality assessment research has progressed for individual 
media such as speech and video. Therefore, the individual 
capabilities should be expanded to include multimedia. 


2.2 Issues in Quality Assessment Research 


As described in Section 1, there are many kinds of multi- 
media services. Therefore, it is difficult to establish imme- 
diately an overall quality assessment method for all kinds 
of multimedia services. First of all, the communications 
model shown in Fig. 2 should be designed for multimedia 
services, and then issues for quality assessment research are 
extracted as shown in Fig. 3. The quality assessment issues 
are classified into assessment of individual media, network 
factors, and mutual interaction. That is, quality assessment 
research for the new media and new network factors will be 
studied, while at the same time, the research on mutual 
interaction assessment will be pursued to establish overall 
quality assessment for multimedia services. 


















































Figure 2. Multimedia Communication Model for Quality Assessment 
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Figure 3. Issues for Multimedia Quality Assessment 
Quality assessment for individual media Visual and aural perception Objective quality assessment 
Psychological evaluation method 





Quality assessment for network factors 


ATM network factors 
Factors in intelligent communications 
Factors in personal communications 





Quality assessment for mutual interaction between media 





Interaction between media 
Interaction between quality factors 
overall quality assessment method 








In individual media assessment, quality assessment 
methods for new media, such as wideband audio including 
speech and music, and wideband video including HDTV, 
should be studied. Therefore, visual and aural perception 
for new media including three-dimensional graphics and 
stereophonic sound are being studied, and their relation to 
the psychological evaluation is being analyzed to establish 
reasonable quality assessment. 


Future multimedia services are expected to be provided 
mainly via B-ISDN. Figure 4 shows the stages in signal 
processing in ATM networks and their quality factors. 
B-ISDN signals in ATM networks are allocated and 
multiplexed using the cell structure, which can degrade 
communications quality. For example, bursty, short 
interruptions due to cell loss during busy hours or cell 
misdelivery, and system-dependent delays due to cell 
assembly or queuing, and are typical in ATM networks, 
but do not occur in conventional networks. Coding 
techniques are used to compress the transmission bit 
rates of speech and video signals. Such quality factors in 
ATM networks have already been assessed for telephone 
speech, wideband speech, and video signals.' 


Quality factors in intelligent networks are degradation by 
media transformation, and by recognition and synthesis. 
Quality factors in personal networks are those degraded by 
coding, by the environment in use, and by radio transmission. 


Aiming at the final goal for multimedia quality assess- 
ment, mutual interactions should be studied. The mutual 
interactions are classified into media interactions and 
quality factor interactions. For example, Fig. 5 shows 
multimedia quality assessment for coding distortion 
taking speech and video coding into account.® This 
method proposed the use of a reference signal composed 
of a speech reference and video reference to eliminate 
talker and receiver factors including environment factors 
such as room noise, reverberation, and competing 
speech. Reference speech has modulated noise (like 
PCM coded noise). Reference video is a video signal 
with random noise. In this test, a signal pair, consisting 
of a test signal and a master reference signal (with a 
defined S/N) including speech and video among the 
designated stimuli, is presented to subjects, who are then 
asked to grade the test signal according to a seven-level 
quality scale compared with the master reference. At 
present, to obtain stable results, several reference signals 
with different S/Ns are inserted in the test conditions as 
anchor points. The quality of the test signal is repre- 
sented by the S/N (dB) of the reference signal in the 
anchor point conditions that has equivalent quality. This 
quality assessment method is being studied now. 


In the future, overall multimedia quality assessment 
should be studied taking account of interaction factors in 
various combinations of multimedia. 












































Figure 4. Quality Factors in ATM Networks 
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Figure 5. Multimedia Quality Assessment for Coding 
Distortion Taking Speech and Video Coding Into 
Account 





Conclusions 


This paper described the present status and future ques- 
tions for quality assessment of multimedia services. 
Multimedia quality assessment research has already 
started, but many questions remain to be solved. There- 
fore, the quality assessment based on customers’ opinion 
should be studied, and be reflected in design and man- 
agement of networks and terminals providing new mul- 
timedia services in order to ensure customer satisfaction. 
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[Article by Masahiko Matsushita, senior research engi- 
neer, supervisor, Network Information Systems Labora- 
tories, NTT; Osamu Miyagishi, senior research engineer, 
supervisor, Telecommunication Network Laboratories, 
NTT; and Makoto Yoshida, executive manager, Net- 
work Information Systems Laboratory, NTT: “NTT’s 
Approach to Open Telecommunications Management: 
Part-1: Fundamental Concept”) 


{[FBIS Transcribed Text] Abstract: NTT’s concepts, plans, 
and activities towards 21st-century open telecommunica- 
tions management are introduced in this series of review 
articles. Part 1, in this issue, describes fundamental 
concepts, and Part 2, in the next issue, will describe NTT’s 
current activities, some results, and future plans. NTT has 
been contributing to various standards bodies developing 
specifications necessary for the open telecommunications 
management. NTT will be looking for international and 
regional, as well as industrial, standards to be used in 
constructing ‘‘Open Management Ring.” 


Introduction 


NTT has been making every effort to construct advanced 
telecommunications management systems that can sup- 
port NTT’s telecommunications business in the 21st cen- 
tury. The sophisticated management applications of the 
next century will be impossible without flexible collabora- 
tion between humans and machines: collaboration across 
the boarders of enterprises as well of organizations. The 
establishment of flexible management environments for 
humans and machines work collaboration will be essential 
for the next generation of telecommunications business. 


NTT has therefore been promoting open telecommuni- 
cations management. This series of review articles intro- 
duces NTT’s concepts, plans, and activities for 
developing 21st century open management environ- 
ment. Part | describes the fundamental concepts of 
NTT’s approach to this kind of management, and Part 2 
will describe our current activities, some results, and 
plans for the future. 


1. Telecommunications Business Environment 


(1) Business Environment in Japan 


As shown in Fig. 1, the changes of Japan’s recent 
business environment can be divided into three periods. 
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Figure 1. Trends of Telecommunications Business in Japan 





By the end of the 70’s, Japan’s economy was growing so 
rapidly that every kind of business could achieve its 
objectives dynamically. 


In the 80’s, Japan’s economy went into the period of 
so-called stable growth. Business activities were slowed 
and efforts were made to improve business conditions 
(such as productivity) to cope with more competitive 
business environment. Dissatisfaction with too slow 
growth of the economy, however, led to the bubble that 
burst in the early 90's. 


It is expected that every effort will now be made to 
develop reliable business environments replacing the 
bubble economy. It is this kind of efforts that ensure real 
new business towards the next century. 


(2) Telecommunications Business 


As Fig. | shows, Japan’s business environment directly 
affected telecommunications services. In the high- 
growth period of the 70’s, the need for telecommunica- 
tions services; especially for long-distance 
communications due to the expansion of economic 
blocs; grew very rapidly. During this decade, NTT was 
busy constructing the nation-wide backbone network as 
an infrastructure for telecommunications in Japan. 


The 80’s saw a series of policies to restart the high growth 
of Japan’s economy, and the wave of liberalization 


surged over the telecommunication business. NTT was 
privatized at the onrush of liberalization, in April 1985. 
Along with this major change of status, many efforts 
were made to reform NTT’s attitude towards the busi- 
ness. The highest priority was put on the cost reduction 
to win the competition of prices. 


NTT has gotten accustomed to the new business envi- 
ronment and has begun to view business more realisti- 
cally. It was recognized that the price reduction was not 
always the best policy for a successful business. Sup- 
posing the government’s new policy of deregulation, we 
should instead offer variety of services that can be used 
more flexibly. 


2. Network and Management Environment 


(1) Trends of Telecommunications 


Telecommunications services, networks, and technolo- 
gies have been advancing together, influencing one 
another as shown in Fig. 2. During the 80's, new para- 
digms of telecommunications were investigated, 
resulting in the development of new technologies such as 
the ATM! and the IN.* These technologies are most 
promising ones in constructing the infrastructure for 
telecommunications in the 21st century. B-ISDN ser- 
vices will be implemented on this infrastructure to 
realize NTT’s VI&P concept.* 
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Figure 2. Trends of Telecommunications 





(2) Telecommunication Management Environment 


Management activities are carried out by collaboration 
between humans and machines, and Fig. 3 illustrates 
how the responsibilities of humans and machines in the 
telecommunications management environment are 


changing. 


In the 70’s, humans played the major role, and machines 
were working only where the introduction of machines 
was inevitable. As a consequence, machines were mostly 
introduced to manage network elements. After manage- 
ment information was obtained from network elements 
through machine’s support, humans carried out the 
management of networks, services, and businesses. Man- 
agement activities performed by humans were not 


always cost-effective, but the flexibility of this kind of 
management made it possible to supply services in a 
timely fashion, which was the most important require- 
ment in a period of rapid economic growth. And because 
management in the era of POTS was relatively simple, 
there was little necessity of machine support. Technology 
to support this was not so mature as well. 


With the slowing of growth during the 80's, cost reduc- 
tion became important for the success or even continuity 
of business, so machines gradually replaced humans. 
Many management systems were developed indepen- 
dently in an ad hoc manner whenever some specific task 
need to be mechanized. It was proved to be established 
that machines could replace humans performing specific 
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Figure 3. Changing Responsibilities in the Telecommunications Management Environment 
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tasks, but not that they could replace humans performing 
complex functions. Gradually machine collaboration 
became necessary for the implementation of sophisti- 
cated management tasks, and one of the biggest prob- 
lems reducing machine capability in the new 
environment was the lack of an open interface for a 
machine-to-machine communication. Activities on stan- 
dardization of management interfaces were begun in the 
mid 80's, and the study on TMN started at ITU-T 
(formerly CCITT) in 1985* 


As we approach the 2ist century, the substitution of 
machine tasks for human tasks is gaining importance for 
reasons other than the reduction of management cost. 
Humans are expected to work at much higher levels of 
intelligence in order to satisfy customer demands in the 
competitive telecommunications business environment, 
and providing high-quality, reliable services will require 
the best use of expert knowledge. To the extent that 
customers are human, management by human supported 
by intelligent machines and automated network element 
will be essential in the 21st century. 


3. OAM&P Architecture 


NTT recognized from experience as well as from 
research in the past two decades, that the open manage- 
ment of telecommunications would be the most essential 
part for its future business. It has not been easy to add 
machines as main actors on the management stages. 
From trying repeatedly, by trial and error for the past 
decade, to get solutions to the problems of management 
of the next century,” NTT has recently published the 
idea of developing a master plan on the research and 
development of management system.*’ 


NTT’s Master Plan (Fig. 4) is similar to the OMNIPoint 
program.® This plan includes a top-level management 
concept and strategy as a basis of the individual actions 
throughout the whole program. Investigation of manage- 
ment architecture and business plans clarify the required 


technologies and standards to be used for implementing 
the planned management systems. TMN Recommenda- 
tions as well as OMNIPoint specifications are being 
introduced into the master plan, and will be explained in 
Part 2 of this series. 


4. Applying Open Specifications and Technology 


The basic concept of open management in NTT’s master 
plan is shown in Fig. 5. The management platform,’''° 
where the management applications are executed, is 
explained by analogy to a traditional sumo wrestling 
ring, with the ring and sumo wrestler representing the 
management systems, and the audience represents a 
human operator. 

















Figure 5. NTT’s Concept for Management Systems’ 
Implementation 





From the viewpoint of the audience, the ring should be a 
place for wrestlers to battle safely with all their might. 
Humans in an audience might therefore, not want to 
know the details of the technology of constructing the 
ring; they would want only to thank the developers of 
those technologies for doing an excellent job. If they 
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comment on those technologies without enough skill and 
experience, that could lead to a very boring, or even 
unsafe sumo wrestling match. 


An audience should have an interest in the strong 
wrestler or skillful wrestler. Humans in the audience 
need to develop expert’s eye for wrestlers and wrestling 
skill. Obviously, a wrestler represents management 
applications. A sumo ring represents the operating 
system, middle software, communication protocols and 
messages, etc., within management systems. NTT will 
thus be looking for international and regional, as well as 
industrial, standards to be used in constructing NTT’s 
“Open Management Ring.” 


Until recently, NTT has developed these kinds of technol- 
Ogies to construct the ring because there was no suitable 
candidate for carrier's business environment. From now 
on, NTT’s only interest will be in developing good wres- 
tling skills, operations/management and services. 


5. Participating in NM Forum 


For the development of the various standards necessary 
to construct the ring, NTT does know about the necessity 
of cooperation among telecommunication carriers and 
vendors as well as computer vendors. The technology of 
constructing sumo ring is well established, and will not 
have to be changed even in the 21st century. The open 
management ring, however, is growing and will need to 
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be enhanced in the future if it is to be used for providing 
more sophisticated management applications. Thus, this 
cooperation can benefit customers as well as carriers and 
vendors. Customers can get a good quality of services at 
reasonable prices, and carriers and vendors can use their 
resources effectiveiy to develop their target products. 


NTT’s representatives have been contributing at various 
international and regional bodies as well as in consortia. 
NTT is contributing to the study of TMN within ITU-T, 
and OSI NM standards being developed in ISO and 
ITU-T. Industrial standards also need to be developed so 
that TMN or OSI NM standards will be easy to implement. 


One of the most important consortia from NTT’s view- 
point is the Network Management Forum (NMF).'' 
NMF members come from telecommunications and 
computing industries, and every player of users, carriers 
and vendors. The goal of NMF is to develop specifica- 
tions required for open management products based on 
international standards. 


The OMNIPoint program® is the focal point for gath- 
ering results of the efforts made in various organizations. 
NTT expects TMN and OMNIPoint to be harmonized 
and linked together to reach the final objectives of 
implementing management systems for NTT’s environ- 
ment. Figure 6 shows the OMNIPoint partners and 
standard sources. Standards bodies or organizations to 
which NTT is positively contributing are also indicated 
in Fig. 6. 
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Figure 6. NTT’s Contribution to Open Management 
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Conclusion 


NTT is developing specifications for its open telecom- 
munications management based on the concept 
described in this article. Part 2 will follow this issue and 
describe the activities within NTT in more details. 
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